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Abstract 
 
 
The past few years have seen tremendous markets dynamics. There is an unprecedented growth 
in market and at the same time there is development of newer and complicated financial 
products. Times are of grand scale transactions and thus grand credit requirements. This has 
caught the fancy of the regulators as well as financial institutions that are increasingly being 
aware of sound credit risk management strategies. However, the approach is changing its face. 
 
Off late, Credit Portfolio Management (CPM) techniques had been superseding the traditional 
credit risk management practices. A huge array of credit portfolio models is now available in the 
market and is still increasing. However, there is lack of literature on the subject. The objective of 
this paper is to give an overview of CPM procedure with factors affecting it, the larger aim being 
providing a practical guide on the subject. 
 
Currently, very few integrated solutions are dedicated to credit portfolio management. Since credit 
portfolio management is still an evolving practice, most institutions use a multitude of different 
tools and data from many different vendors. It is expected that more integrated and analytically 
capable products to develop over the next two years as best practices become better defined. 
 
The paper encompasses an overview of CPM, the key concepts associated with it, the CPM 
process and financial instruments used as tools of CPM. It takes into account the impact of Basel 
regulations on credit risk management. The key concepts are then correlated and applied in the 
form of a numerical example. Thereby an analysis of current CPM scenario is made to come up 
with implications and suggestions for future use. 
 
Note: The terms financial institution, banks and insurance company are all used sparingly as any 
financial organisation, in the paper. 
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Chapter 1 Introduction and Overview 
1.1 Introduction 
 
Attention to sound credit risk management is gaining in intensity according to senior bank 
management. (Karen Van de Castle). The heavy credit losses during late 80’s and early 90’s, 
driven by a poorly controlled rush to build market share at the expense of asset quality and 
portfolio diversification, threatened the solvency of even well capitalised institutions. The need to 
better understand portfolio credit risks was reinforced by the publication of the Bank for 
International Settlements’ (BIS) capital adequacy guidelines in 1988 (Thomas et al, 1999). Credit 
risk will remain in the forefront of risk expenditures for the foreseeable future due to the upcoming 
implementation of the Basel II accord in 2007. Financial Insights expects this segment to continue 
growing through 2009 (Stephen and Deborah, 2004). This increased interest and spending on 
credit risk has put the formerly little known practice of credit portfolio management into the 
spotlight. As a result, In the course of maintaining their competitive position, bank managers 
globally are increasingly becoming aware of the advantages of being better attuned to risk.   
Some basic concepts for CPM will now be discussed. 
 
Credit risk has been defined as “the risk that an asset or a loan becomes irrecoverable in the 
case of outright default, or the risk of an unexpected delay in the servicing of a loan” by 
Heffernan(2005) 
1.2 The nature of credit risk 
 
The main components of credit risk are the counterparty risk (default risk) and risks associated 
with the recovery rate given default (Jackson and Perraudin, 1999). Sources of credit risk can 
originate from assets of a bank, both on and off the balance sheet. While credit risk is 
concentrated in various financial instruments other than loans, including inter-bank transaction, 
foreign exchange transaction, financial derivatives, and commitments and guarantees (Basel, 
2000), loan are the largest and most obvious source of credit risk. The nature of credit risk may 
differ depending upon the size of the loan, the maturity of the loan, industry sector, regions, type 
of lender, type of borrower and other factors. The maturity and type of obligor, being the most 
important factors, are explained below.  
1.3 The effect of maturity on the riskiness of credit exposure 
 
Shorter maturity term doesn’t necessarily mean lower risks (Jackson and Perraudin, 1999). For 
example, if a sovereign borrows short term loan in a foreign currency, it would expose itself to 
Mamta Sawhney                                                                                  Credit Portfolio Management 
                                                                                                              In Financial Institutions 
Pg no: 12 of 112 pages 
foreign exchange risk which might lead to liquidity crisis in case of adverse market conditions. On 
the other hand, researchers, like Jimenez and Saurina (2004), postulate that longer is the time 
horizon (maturity) of loan, lower will be the probability of default and vice versa. Probably, banks 
take utmost care in evaluating long term loans. It is, therefore, not easy to establish a clear 
relationship amongst term of maturity and risk involved in a loan.  
 
1.4 Credit risks differ by type of obligor (sovereign versus non-sovereign, 
bank versus non-bank) 
 
Although no clear evidence is there to prove the differences between riskiness of sovereign and 
corporate exposures, regulatory requirements earlier on favored the sovereigns. However, as it 
will be discussed later in the section on Basel, Basel II moved beyond this partial treatment. The 
credit risk ratings are more dependent on external ratings like those by S&P, Moody’s, and Fitch 
etc.  
 
The evidence on whether exposures to banks are less risky than non-banks is mixed. However, 
the evidence from spreads is that banks are regarded as somewhat riskier than industrials 
perhaps because of perceived recovery rates (Jackson and Perraudin, 1999). 
 
1.5 Need for CPM 
 
Due to exponential growth of market and widespread proliferation of financial products credit risk 
is on the upswing in various shapes and sizes. It’s becoming the biggest most risk faced by the 
financial firms necessitating precise management of it. Various indications for the same can be 
sited below (JP Morgan 1997, Wiley): 
• Increased credit risk: With the continuous contraction of credit spreads banks in 
competitive lending markets are forced to retain more credit risks. A number of reasons 
can be cited for this thinning up of margins, but an important factor has been the 
enhanced competition for lower-quality borrowers such as from finance companies, who 
more and more focus on higher risk–lower quality end of the market. 
 
The credit spreads are getting thinner leading to higher credit risk concentrations. For 
example, U.S. primary loan syndication activity reached $900 billion in 1996, yet 
secondary loan trading volumes were only $40 billion (JP Morgan, 1997). Elsewhere, 
such statistics are even more skewed. Huge credit risks are involved in transactions 
relating to Mergers and Acquisitions and Leveraged Buy Outs. 
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• New products: There is a proliferation of innovative and complex financial products 
which is far more difficult to manage the innovative and complex financial instruments 
than the traditional instruments. The reason being their non-predictive nature and high 
counterparty risks involved.  
 
• Better returns: The investors find the yield enhancement through extending and credit 
far more lucrative than the earlier modes of interest and currency markets. 
 
• Disintermediation: The number of intermediatories and other institutions venturing into 
credit market are on the rise. There has been huge inflow of funds from mutual funds, 
pension plans, hedge funds and other non-bank institutional investors. Similarly, 
corporates, insurance companies and their reinsurers are taking on increasing credit 
exposures through commercial contracts, insurance and derivatives activities. On the 
other hand, Wiley believes disintermediation is a major cause of increased credit risk as 
the capital markets have expanded and become accessible to small and middle market 
firms. Hence borrowers who can’t raise capital are more likely to be smaller and have 
weaker credit ratings. Capital market growth has thus produced a “winner’s curse” effect 
on the credit portfolios of traditional FIs (Wiley). 
 
• Market growth: There is significant growth of the high yield and emerging market sectors 
further leading to asset securitization which is discussed in depth later in the paper. 
 
• High pressure: There is strong pressure on banks to improve their performance by the 
stock exchange 
 
• Availability of models to assess risk: There is a huge array of credit risk models 
available in the market nowadays making it easier to implement and control credit risk. 
 
• Regulatory changes – Basel II: Regulations like Basel II make it indispensable for firms 
to manage credit risks efficiently. This has been discussed in detail later in the paper. 
Also, increased scrutiny from country specific regulators, such as the FSA’s in case of 
UK, keep credit risk across all institutions under its control). There is major emphasis on 
alignment of internal and external ratings. Further, there are newer accounting standards 
leading to requirement for mark-to-market prices 
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• Structural increase in bankruptcies: There has been a significant increase in 
bankruptcies, when the recent recession is compared to the prior recession. Eventually it 
has lead to permanent or structural bankruptcies all over the world which further 
necessitates accurate credit risk analysis. 
 
• Declining and volatile values of collateral: The contagion effects of the Asian banking 
crises accompanied with the banking crises in well developed countries such as 
Switzerland and Japan reinforce that the values of property and real asset are 
unpredictable and difficult to liquidate. If the collateral values are weaker and highly 
volatile the lending becomes highly risky. As the issues regarding “deflation” are gaining 
prime importance nowadays, the issues related to values of real assets gain relevance 
 
• Growth of off-balance-sheet derivatives: The phenomenal expansion of derivative 
markets leading to the growth of credit exposure, or counterparty risk, makes credit risk 
management inevitable. It was largely due to the rise in credit risk from off balance sheet 
financial products that the Bank for International Settlements (BIS) introduced risk-based 
capital (RBC) requirements in 1993 and 1998. Under this system, banks have to hold a 
regulatory capital in accordance with the marked-to-market current value of each over-
the-counter (OTC) derivatives contract (known as current exposure) plus an add-on for 
potential future exposure. 
 
• Technology: Development of computer systems and other technologies that aid in credit 
portfolio management are on the rise. For example, the Loan Pricing Corporation 
(www.loanpricing.com) maintains historical data on loans that enables varied modeling 
analysis through simulations and other techniques.  These techniques help in simplified 
application of concepts like credit portfolio loss distribution, modern portfolio theory (MPT) 
etc which are again discussed in depth in the subsequent chapters of the paper.  
 
 
1.6 Individual vs. Portfolio and Passive vs. Active Credit Risk Management 
 
As the companies embark upon newer avenues the nature of credit risk changes. Their attitude is 
far more aggressive which makes them more prone to the credit risk and thus necessitating the 
need for credit risk management.  
Credit risk should be managed at both the individual and the portfolio levels.   At the individual 
level specific knowledge of the counterparty's business and financial condition is required. .   
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Likewise much of traditional credit risk management is passive.  Such activity has included 
transaction limits determined by the customer's credit rating, the transaction's tenor, and the 
overall exposure level.  Now there are more active management techniques.  Under the active 
portfolio management approach there is a dedicated group, generally comprising of the credit 
portfolio managers, that assumes the responsibility of “buying/selling/hedging” the credit risk. 
They control the composition of the portfolio and get optimum returns from the portfolio through 
regular credit reviews, collateral agreements, downgrade triggers, termination clauses, and credit 
derivatives. The whole credit portfolio management evolution can be summed in following three 
phases 
1) The traditional ‘buy and hold’ or the do nothing approach 
2) The probabilistic approach which states that some loans might turn bad 
3) Modern Portfolio Theory (MPT) implying underwrite and distribute 
 
The change in approach of credit risk can be also understood through the following table: 
 
Table 1.1: Difference in traditional and Portfolio based approaches 
Source: Michel Crouhy 
 
 Traditional Credit Function Portfolio Based Approach 
Investment strategy Originate and hold Underwrite and distribute 
Ownership of the credit assets Business Unit Portfolio management 
Or 
Business Unit/ Portfolio Mgt 
Risk measurement Use notional value of the loan 
Model only losses due to 
deafualt 
Uses risk based capital 
Model losses due to default 
and risk migration (MTM) 
Risk management Use a binary approval process 
at origination 
Apply risk return decision 
making process 
Basis for compensation for 
loan origination 
Volume Risk-adjusted performance 
Pricing  Grid Risk contribution 
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1.7 MPT 
 
Modern portfolio theory (MPT)—or portfolio theory—was introduced in the year 1952 by Harry 
Markowitz in the paper "Portfolio Selection" in the Journal of Finance. 
Although there was awareness of advantages of diversification before this paper was published, 
Markowitz was among the first few people who tried to quantify and demonstrate the use of 
portfolio diversification in order to optimize risk return ratio. 
He was also the first to establish the concept of an "efficient portfolio" or the efficient frontier. 
Under this concept every possible asset combination is plotted in risk-return space, and the 
collection of all such possible portfolios defines a region in this space. The line along the upper 
edge of this region is known as the efficient frontier.  All the points along this line represent the 
optimum combinations of risk and return. That is, for a given level of risk, maximum return 
possible or for a desired return at the minimum risk possible. This concept uses the rational 
investor assumption. 
In order to ascertain the efficient frontier we require three variables from the empirical data for 
each asset class in the portfolio viz. 
1) returns 
2) risk measured by standard deviation 
3) correlation coefficients 
The main theme of MPT is that the investor can increase the expected returns for a portfolio 
without increasing the risk involved if he/she realizes the effects of correlation on the portfolio 
returns (Smithson et al, 2000) 
Asset Allocation 
This process of portfolio analysis can be applied to a portfolio with two or more assets. However, 
it is generally applied to asset classes. It is used to ascertain the right mix on investments of 
funds in the two asset classes in order to get the optimum risk-return profile. 
The different asset classes have different levels of risk and return involved and display different 
patterns of behavior. However there can be a relationship between the two asset classes which 
can be measured by coefficient of correlation.  
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Correlation Coefficient 
Correlation coefficient is a measure of the degree to which two assets (or investments) move 
together. Its value lies between -1 and +1, -1 signifying perfectly negative correlation i.e. if the 
value of one asset raises the value of the other asset falls by the same proportion. For the 
coefficient correlation being +1 the values of the two assets move simultaneously. And finally, the 
value of 0 shows no correlation. 
Generally, most assets have some positive correlation, although it may be very low. 
Returns 
Total return is a measure of the combined income and capital gain (or loss) from an investment. 
This is usually expressed as a percentage which may be annualized over a number of years or 
represent a single period. While talking about a portfolio of say two asset classes we can 
combine the returns by simple weighted summation of individual asset returns. 
Risk (Standard Deviation of Returns) 
The Standard Deviation of (historical) returns is probably the most common measure of the risk of 
listed securities and portfolios. It is a statistical measure which measures the volatility of returns 
(about the mean). The higher the standard deviation, the more uncertain the outcome will be, 
over any period. And hence higher is the standard deviation the riskier an asset becomes. 
Optimal Portfolios 
We can create efficient frontier using the data on returns, risk and correlation. We can identify 
various portfolios for a set return value which is desired by the investor 
By simulating the returns, risk and correlation coefficients data, it is possible to establish a 
number of portfolios for varying levels of return, each having the least amount of risk achievable 
from the asset classes included. These are known as optimal portfolios. 
The investor can choose from the various combinations of different asset classes based on risk or 
return desired. For example in the following diagram the investor can choose various positions on 
the efficient frontier. All the points on the efficient frontier represent the maximum returns at 
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various risk levels or minimum risk at various return levels. Now it’s the investor’s choice to 
choose the combination based on his/her preference.  
Figure 1.1: Modern Portfolio Theory 
Source: http://moneyonline.co.nz/calculator/theory.htm 
 
For example say we have two asset classes X and Y. Portfolio invested in X is w1 and that 
invested in Y is w2.  
For X, 
Return= R1 (µ), risk= 1 
For Y, 
Return= R2 (µ), risk= 2 
And correlation coefficient is  1, 2 
then expected portfolio return Rp = w1 R1 + w2R2 
That is the expected return for the portfolio is simply weighted sum of the expected returns for the 
two assets. 
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But the things are not that simple when it comes to risk (standard deviation) for the portfolio. The 
variance of the portfolio depends not only the individual variances of the assets but also on the 
covariance between the returns of the. 
Hence if the portfolio variance denoted by p then 

2
p = w1
2
1
2 
+ w2
2
2
2 
+ 2 w1 w2  1,2 
This can be rewritten, using the correlation, as follows: 

2
p = w1
2
1
2 
+ w2
2
2
2 
+ 2 w1 w2  1, 2  1 2 
The risk of the portfolio will be smaller than the weighted sum of the risks of the two asset classes 
in the portfolio except in the case where they have perfect positive correlation i.e.  1, 2 = 1. In the 
case of perfect correlation risk of portfolio will be equal to the weighted sum of the risks of the 
asset classes. 
This can be generalized for N assets as (Charles W. Smithson, 2002) 
2
,
1 1
N N
i j i jp
i j
w wσ σ
= =
=  
1.8 The importance of the portfolio approach 
 
The portfolio approach to credit risk analysis has two aspects: First, credit risks to each obligor 
across the whole portfolio are restated on an equivalent basis and aggregated in order to be 
treated consistently, regardless of the underlying asset class (JP Morgan, 1997). The second 
aspect takes into consideration correlations of credit quality moves across obligors. This aids in 
quantifying the portfolio effects viz. advantages of diversification and costs of concentrations. 
 
A portfolio approach helps risk managers to: 
• Quantify the credit risk  
• Controlling risk concentration in a obligor or a group of correlated obligors. 
• Setting up limits on the exposure amounts to a particular obligor (group) or concentration 
in an industry, country, type of instrument etc, based on rational decisions and not 
arbitrarily.  
• Diversification of risk concentration risk that arises from increased exposure to one 
obligor or groups of correlated obligors,  
• Make proper investment, credit and risk mitigating decisions based on precise data 
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• Estimation of regulatory and economic capital. 
 
1.9 Mark-to-market framework 
 
One of the significant developments in the field of credit risk management is consideration of a 
mark-to-market framework. Such an approach includes not just the expected portfolio loss but 
value-at-risk (VaR). That is, the uncertainty or volatility of value – due to changes in obligor credit 
quality, both across the entire portfolio and for marginal transactions. Credit VaR arises from 
changes in the value of portfolio due to credit events – that is, changes in obligor credit quality or 
“migrations” from one credit rating to another (JP Morgan 1997). These credit events include not 
only defaults but also upgrades and downgrades. Upgrades and downgrades cause market 
pricing reactions that result in immediate gains or losses in a mark-to-market accounting regime. 
This has an advantage over the book value accounting which ignores these changes in market 
prices. However, regardless of the accounting framework, a risk management tool is a better 
indicator of actual risk if it recognizes changes in value as they occur rather than on a deferred 
basis. If we fail to recognize the impact of portfolio value due to credit events other than outright 
defaults, we miss a significant component of risk. 
 
1.10 Difficulty in applying MPT to Credit Portfolios 
 
Market risk is significantly different in nature from credit risk. A typical market value distribution 
would be relatively symmetrical and well approximated by bell-shaped (mathematically speaking, 
normal) distributions. 
 
While in credit portfolios, value changes will be relatively small upon minor up(down)grades, but 
can be substantial given default. As illustrated in Figure 1.2 on next page, this remote probability 
of large losses produces skewed return distributions with heavy downside tails that differ 
significantly from the more normally distributed returns typically addressed by market value-at-risk 
models. 
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Figure 1.2: Comparison of distribution of market returns and credit returns 
Source JP Morgan (1997) 
 
1.11 Comparison of distribution of market returns and credit returns 
 
Nonetheless, this difference in risk profile does not preclude assessing risk on a comparable 
basis; indeed, it is only by doing so that one can move toward the goal of a fully integrated credit 
and market risk management system. The VaR models look to a horizon and estimate value-at-
risk across a credit portfolio distribution. 
 
Modeling portfolio risk in credit portfolios is neither analytically nor practically easy, presenting at 
least two significant challenges. The first problem relates to the long, fat tails (skewed distribution) 
observed in credit portfolio distributions, illustrated in Figure 1.2. Because of this feature, to 
understand the risks of credit portfolios completely requires that the nature of these tails be 
explored. The simple statistical figures of mean (expected value) and standard deviation (volatility 
of value) are not enough to comprehend the complex features of credit risk distribution.  In fact, to 
examine the nature of the tails in credit risk portfolios requires moving beyond simple, closed-
form analytical equations and deriving the entire shape of the portfolio distribution through 
simulation, a computationally arduous exercise. 
 
The second problem is of empirical data. Correlations in credit portfolios cannot easily be directly 
observed unlike the market portfolios where we can calculate the correlations based on the easily 
available data. As a result, credit quality correlations have to be either derived indirectly from 
other sources, such as equity prices, or tabulated at a relatively high level of aggregation (e.g., 
treating all A-rated obligors identically). 
 
These issues together make CPM very complicated and hence the implementation of CPM is a 
stupendous task. 
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Chapter 2 Metrics of risk of credit portfolio Management 
 
To understand the CPM process it is necessary to understand the concept of economic Capital. 
Economic capital is an important concept in credit portfolio management. But before this concept 
is explained, it is important to understand the phenomena of expected and unexpected losses.  
2.1 Expected and Unexpected losses 
 
Expected Loss: It is the loss that is incurred in the normal course of business. And hence it is 
considered a cost of business and not a risk in itself. 
 
As it has been already discussed, the credit portfolio loss is not normally distributed. Rather is its 
asymmetric with long right tail. As a result the expected loss or the mean value is not located at 
the peak but on the right side of the peak. 
 
This loss value is included in the price of transaction or the normal costs. In other words, banks 
generally expect a few loans or other credit assets to default and hence needs to keep a buffer of 
capital to avoid discrepancies in future payments. This amount is considered as a cost while 
pricing the loan or asset. However, banks need to keep a reserve above the expected losses as a 
contingency reserve for smooth sailing of their business. 
 
As illustrated in the following diagram, although the returns on equity might show a normal 
distribution, the losses associated with the portfolio will be skewed and not normally distributed 
(as discussed in Figure 1.2 as well). Hence, the expected losses can be seen on the right side of 
the peak of portfolio loss distribution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mamta Sawhney                                                                                  Credit Portfolio Management 
                                                                                                              In Financial Institutions 
Pg no: 24 of 112 pages 
Figure 2.1: Nature of loss distribution 
Source: Smithson et al (2000) 
 
Unexpected loss 
As put forward by the Office of the Comptroller of the Currency (OCC), “Capital is required as a 
cushion for a bank’s overall risk of unexpected loss.” (Charles W. Smithson, 2002) 
 
Despite of being an important aspect in pricing of loans or credit risk management, this term is 
not directly related to statistic fundaments unlike expected loss. However if we go by the 
explanations provided by OCC, it is “the risk against which economic capital is allocated is 
defined as the volatility of earnings and value- the degree of fluctuation away from an expected 
level”. Hence, the unexpected loss can be understood as the dispersion of loss distribution above 
the mean value i.e. variance or standard deviation in statistics terms. 
 
As it has been stated earlier, banks need to keep reserves for the losses above the expected loss 
i.e. for unexpected losses. This unexpected loss is not a cost rather the risk associated with the 
particular loan or credit asset.  
 
Accounting for Risk Aspects 
 
The credit risk measurement is dependent on mainly four risk components. Accurate estimation 
of these variables makes the credit approval process efficient. The four components which have 
also become a part of Basel II are as follow:  
a. Probability of default (PD) 
b. Loss given default (LGD) 
c. Exposure at default (EAD) 
Mamta Sawhney                                                                                  Credit Portfolio Management 
                                                                                                              In Financial Institutions 
Pg no: 25 of 112 pages 
d. Maturity (M) 
 
The most important components in credit approval processes are considered to be PD, LGD and 
EAD. Maturity (M), though is needed to calculate required capital, is of little importance. The 
significance of PD, LGD, and EAD is described in more detail below. 
 
2.2 Probability of Default 
 
The borrower’s probability of default is done through careful evaluation of the borrower’s current 
and future capabilities in discharging the interest and principal amortization values. This can be 
done through the use of historical data. The measure of probability of default by banks is 
generally based on internal risk ratings. Various methods of credit scoring are used which are 
explained later in Chapter 5. 
 
The credit portfolio models re based on various premises. A popular approach is to consider only 
two states of defaults: default and no default. This is shown in the diagram below: 
 
Figure 2.2 Binomial model of credit risk 
Source: JP Morgan (1997) 
 
 
 
This model of default probability uses a binomial distribution with two states default and no default 
till maturity and then estimates the default probability. 
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2.3 Loss Given Default 
A loan can have both secured and non-secured portions. The loss given default of secured loan 
depends on the value of the collateral asset and cost of selling the collateral. Hence, the type of 
collateral needs to be considered, while pricing a loan. On the other hand, in case of non-secured 
loans, the whole exposure is generally assumed to be at risk given default. 
 
2.4 Exposure at Default (EAD) 
 
As explained earlier, a loan can have both secured and non-secured parts which together 
constitute the exposure at default. It is the amount of the claim that is owed to the financial 
institute. Using these parameters the expected losses can be defined as 
 
EL = PD * LGD * EAD 
2.5 Economic capital 
 
Economic capital is the capital required to cover the risks posed by the assets both on the 
balance sheet as well as off the balance sheet. In statistical terms it can defined as capital 
required in meeting the unexpected losses at a particular certainty level. The insolvency rate of 
the financial institution is equal to one minus the certainty level, also known as the implied credit 
rating.  
 
To calculate the economic capital required, a target insolvency rate is used.  Banks generally 
desire a credit rating of AA with the insolvency rate as .03% or 3 basis points which is the 
historical default rate. 
 
For example say the target insolvency rate is 1%. 
Then the Economic Capital = expected loss (Mean loss) + 2.33 standard deviations 
     i.e. = µ + 2.33 
 
The value 2.33 is derived using the Z table in statistics, which signifies that we need to move 2.33 
times the mean to isolate the 1% of the area in the right tail of the portfolio loss distribution.  
 
However, this is based on the assumption of normal distribution of the credit losses which doesn’t 
hold true. As the credit loss distribution are skewed and have a fat right tail, the actual economic 
capital required will be much more than calculated above. However it is not possible to calculate 
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it. Therefore, financial institutions generally use historical data to generate loss distribution 
through Monte Carlo simulations and calculate the economic capital required based on some 
judgemental factors. 
 
Sophisticated credit risk frameworks used by banks nowadays are based on the relationship 
between the economic capital required and the portfolio’s probability density function of credit 
loss (PDF). Using the credit risk modelling PDF is estimated. As shown in the diagram below, 
PDF is plotted. It implies that the probability of incurring losses greater than an amount X would 
equal to the area under the PDF to the right of X (where x is measured on the x axis). And 
economic capital required can be understood as the capital required over and above the 
expected losses to cover the unexpected losses at a particular certainty level. 
 
Figure 2.4: Economic capital 
Source: 
www.fdic.gov/regulations/examinations/supervisory/insights/siwin04/economic_capital.ht
ml 
 
 
Banks generally differentiate between economic capital and regulatory capital (to be discussed in 
detail later). However, they might include the cost of regulatory capital, also known as regulatory 
capital “surcharge”, while estimating the economic capital. This is particularly true in case the 
regulatory capital requirements exceed the economic capital requirement estimates. 
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Chapter 3 Basel Capital Accord 
 
3.1 Basel I 
The Basel committee on Banking Supervision was incepted in the year 1974. Subsequently a 
number of measures were initiated by the committee, a major one being the International 
Convergence of Capital Measurement and Capital Standards, commonly referred to as the 1988 
Basel Capital Accord, or Basel I. 
 
Basel I aimed at risk management in banks through identification of the minimum capital to be 
held by banks to promote sound performance of the banks. As the concept was the first step to 
create risk management awareness, it was well received. It eventually became the accepted 
worldwide in the 1990’s with over 100 countries accepting the framework (Martin O’Connor, 
2003). 
 
The minimum regulatory capital associated with various assets and derivatives, according to 
Basel I was calculated as  
 
Capital = Risk Weight x Exposure x 8% 
 
The risk weight of the transaction depends upon characteristics of the obligor except for the loans 
fully secured by mortgages and derivatives. 
 
The risk weights were as depicted in the following table 
 
Table 3.1: Risk Weights Under Basel I 
Source: Charles W. Smithson (2002) 
Type Of Obligor Risk Weights 
OECD central governments 0% 
Domestic Public sector entities (excluding 
central government 
0%,10%,20% or 50% (Percentage set by 
domestic regulator) 
OECD banks and regulated securities firms 20% 
Loans fully secured by residential mortgages 50% 
Counterparties in derivatives transactions 50% 
Public sector corporations; non-OECD banks 100% 
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In case of credit products(like guarantees), the exposure is determined by the equation: 
Replacement Cost + (Add-On Percentage x Notional Principal) 
 
The add on percentages are given in the table below 
 
Table 3.2: Add-On Percentages for Derivatives Contracts Under Basel I 
Source: Charles W. Smithson (2002) 
Term Interest 
Rate 
Exchange 
Rate and 
Gold 
Equity Precious 
Metals 
except Gold 
Other 
Commodities 
1 year or less 0.0% 1.0% 6.0% 7.0% 10.0% 
More than 1 year but 
less than 5 years 
0.5% 5.0% 8.0% 7.0% 12.0% 
More than 5 years 1.5% 7.5% 10.0% 8.0% 15.0% 
 
 
3.2 Criticism of Basel I 
 
Basel I had a number of drawbacks some of which are cited below: 
• Credit risk assessment process: The arbitrariness of risk weights, and the conversion 
factors used to determine risk assets ratio are not very accurate. For example a credit 
derivative could be treated as both a credit instrument (like a loan) as well as a derivative. 
But the capital requirement would be different in both the cases. Moreover, credit risks 
were assumed to be additive and there was no due recognition for banks to reduce their 
systemic risks, under Basel I. In other words, there is no reward for banks to diversify 
their asset portfolio.  
 
• Basel had a “one size fits all” approach as it assumed all banks as equally risky 
ignoring the fact that banks undertake different financial activities. An investment bank in 
the UK has quite different risk profiles when compared to universal banks engaged in 
wholesale and retail banking activities. Similarly, it would require less regulatory capital 
for a risky bank in OECD country than for a less risky bank in a non-OECD country.  
 
3.3 The New Accord 
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In June 1999, to overcome limitations of Basel I, its revision was released. This paper was 
described by the committee as, “built on the modern techniques of risk management” (Martin 
O’Connor, 2003). In January 2001 the Basle Committee on Banking Supervision released its 
Second Consultative package on Basel II and finally came up with the Third Consultative 
Package in April 2003. 
 
It proposed a three pillar approach to provide for capital requirements to cover various risks in 
banking which are as follow: 
 
1. Pillar 1 - Minimum capital requirements: It seeks to ensure that financial institutions hold 
minimum regulatory capital to overcome credit, market and operational risk. This pillar proposed 
changes in the risk weights like higher than 100% risk weights for few low-quality exposures, 
greater exposure for short-term commitments and removal of the upper limit of 50% risk weight 
on derivatives 
 
2. Pillar 2 - Supervisory review: It ensures that the institutions ensure capital adequacy and 
have strong internal assessment process for the same. It aims at having sophisticated risk 
management procedures to cover all risks, even liquidity and interest rate risks that are not 
covered by the first pillar. 
 
3. Pillar 3- Market discipline: This pillar seeks transparent communication to the general public 
regarding the banks risk structure and conformation of capital requirements. 
 
These pillars are complementary in nature and cover different risk management objectives 
individually. They are indispensable in achievement of financial stability. It can be said that Basel 
II seeks an “efficient frontier” of policy objectives through the three pillars (Jaime Caruana 2004). 
It can be compared to the efficient frontier as it refers to a combination of minimum rules, 
supervisory discretion, and market-oriented objectives. 
 
For Pillar 1 – minimum regulatory capital standards – the Basle Committee proposed capital 
requirements associated with three categories of risks: 
 
1. Market risk – The minimum capital calculations as defined in the 1996 Amendment would 
remain largely unchanged. 
2. Operational risk – An explicit capital requirement for operational risk. 
3. Credit risk – Three approaches to calculation of minimum regulatory capital for credit risk 
– a revised standardized approach and two internal ratings – based (IRB) approaches. 
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The two IRB approaches, viz. foundation and advanced approaches, depend upon banks 
internal risk assessments 
3.3.1 Revised Standardized Approach 
 
The revised standardized approach, Like Basel I, assigns risk weights by the type of Obligor like 
sovereign, banks, corporates. However it also uses the external credit rating of the obligor. It 
doesn’t provide preferential treatment to OECD banks. It ensures better basis of differentiation of 
the obligor and increases the upper limit of risk weights to 150% from 100%. Also it has the 
option of assigning higher risk weights to equity. The table below shows the various risk weights 
assigned to various categories. 
 
Table 3.3:  Risk Weights in Standardized Approach of Proposed New Accord 
Source: Basel II 
Rating of Entity Sovereigns  Banks Corporates 
AAA to AA- 0% 20% 20% 
A+ to A- 20% 50% 50% 
BBB+ to BBB- 50% 50% 100% 
BB+ to BB- 100% 100% 100% 
B+ to B- 100% 100% 100% 
Below B- 150% 150% 150% 
Unrated 100% 50% 100% 
 
3.3.2 Internal Ratings-Based Approach  
 
The two IRB approaches, viz. foundation and advanced approaches depend upon banks internal 
risk assessments. The IRB approaches is much more risk sensitive. The IRB approaches are 
accompanied by minimum standards and disclosure requirements. Interestingly they even allow 
for evolution over time. All three approaches focus on the capital requirements for credit risk in a 
far more analytic manner than earlier regulations. The foundation IRB approach is not applicable 
in retail markets. The advanced IRB approach is based on specific data on PD, LGD, EAD and 
historical data of the financial institute for modeling the credit risk and estimating capital 
requirements. 
 
As shown in Table 3.4, the differences between the foundation and advanced approaches are 
subtle. 
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Table 3.4: Comparison of Foundation and Advanced IRB Approaches 
Source: Charles W. Smithson 
 Foundation Advanced 
Determinants of Weights 
Probability of Default (PD) Bank determines  Bank determines 
Loss in the event of default 
(LGD) 
Supervisor determines Bank determines 
Exposure at default (EAD) Supervisor determines Bank determines 
Maturity (M)  Maturity adjustment 
incorporated 
Credit Risk Mitigation 
Collateral  
Credit derivatives  
Bank guarantees  
 
Greater Flexibility permitted 
Calculation Reg Capital 
Floor  90% of foundation approach 
for first two years 
 
 In the January 2001 consultative document, the Basle Committee proposed a 
modification to the equation used to calculate minimum regulatory capital for credit risk: 
 
 Regulatory Capital = [Risk Weight × (Exposure +Granularity Adjustment)] × 8% 
(Reference book) 
 
The granularity adjustment was intended to reflect the banks’ residual risk or the risk that cannot 
be diversified. However, this adjustment was later removed from the accord 
 
Exposures: For on-balance-sheet exposures, the number is simply the nominal outstanding. For 
off-balance –sheet exposures, the calculation of the exposure number depends on the type of 
product. For committed but undrawn facilities  
 
 Exposure = (Amount Committed but Undrawn) × CCF 
 
where CCF is a credit conversion factor. For interest rate, FX, commodity, and equity derivatives, 
the Basle Committee proposed using the rules for Credit Equivalent Amount in the 1988 Accord. 
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In the IRB approach the risk weights will be functions of the type of exposure (e.g., corporate vs. 
retail) and four variables: 
• Probability of default (PD) of borrower over one-year time horizon 
• Loss given default (LGD) 
• Maturity (M) 
• Exposure at default (EAD) 
 
But the Benchmark Risk Weight (BRW) of the obligor needs to be calculated before calculating 
the risk weight. This BRW for corporates is based on a three-year exposure and is calculated 
using the equation: 
 
 BRW (PD) = 976.5  × N[1.118 ×G{PD}+ 1.288] × (1+0.047×( - PD)) 
           PD+0.44   
 
Where N[ …] is the cumulative distribution for a standard normal variable and G[…] is the inverse 
cumulative distribution for a standard normal variable. 
 
3.4 Limitations of the Regulatory Framework 
 
The proposed new accord encourages the IRB approach which uses historical data for credit risk 
modeling. It can have various implications like that of data limitations and model validation. For 
once, past data is not easily available. The difficulties in specification are exacerbated by the 
longer-term time horizons used in measuring credit risk, which suggest that many years of data, 
spanning multiple credit cycles, may be needed to estimate key parameters accurately”. As a 
result a number of assumptions are made in the model. Also calculation of credit losses and 
economic capital is not very precise. All these factors put limitations on the regulatory 
framework’s effectiveness. 
 
The specific issues of regulatory capital will be discussed individually under Loan Trading and 
Syndication, Credit Derivatives and Securitization topics 
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Chapter 4 Credit Instruments: overview and Basel Impact 
 
The last decade or so has seen stupendous rise in the use of credit instruments. The major 
reason being, need for diversification of huge risks. The major credit instruments viz. loan trading 
and syndication, credit derivatives and securitization will now be discussed. Their structures and 
impact of Basel will be covered in the following chapters 
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Chapter 4.1 Loan trading and syndication 
 
The corporate loan market has grown dramatically in size and in the diversity of its investors. A 
market that began as a bank market has developed to include institutional investors and the 
rating agencies that monitor them. Moreover, the growth of retail mutual funds, some of which are 
subject to the rules of the U.S. Securities and Exchange Commission, has changed the way the 
loan market does business.  
 
 As a rule, the loans that are traded are syndicated loans. (If the loan being sold is not 
syndicated, it is a bilateral transfer.) Syndicated loans are also called leveraged loans. Barnish et 
al (1997) define leveraged loans as LIBOR plus 150 bp or more. 
4.1.1 Primary Syndication Market 
 
Syndicated loans refer to the process whereby a group of banks collectively provide credit for a 
large amount to a borrower. It is a combination of relationship lending and publicly traded debt 
facilities (Blaise Gadanecz, 2004). The objective is to spread the credit risk involved without the 
disclosure and marketing burden that bond issuers face. One or more banks might choose to be 
the lead bank/banks. 
 Syndicated loans generally carry interest as LIBOR + points basis and this rate can be 
reset periodically generally on a quarterly basis. 
 Borrowers benefit from such an arrangement as it reduces their administrative burden 
and costs but obviously at the cost of loosing some control. 
 
4.1.2 Mechanisms of syndication 
 
There can be three types of syndication based on the proposal laid by the lead bank viz  (Charles 
W. Smithson, 2002) 
 
• Fully committed syndication: under this scheme, the lead bank agrees to provide the 
whole amount mentioned in the mandate whether or not it is successful in attracting other 
banks for the participation in the loan 
 
• Partially committed syndication: here the lead bank undertakes a particular portion of 
the loan while the remainder part of the loan is dependent on the market conditions. 
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• Best-efforts syndication: in this case the amount generated for the loan is dependent 
on the efforts of the lead bank which may or may not be successful in raising funds for 
the loan 
 
In the event of oversubscription, the banks might distribute the loan amount on pro-rata basis or 
alternatively the borrower might increase the loan amount. 
4.1.3 Evolution of the Syndicated Loan Market  
 
The syndication of medium-term credit facilities began in the late 1960s and by the 1970s and 
1980s, more than half of all medium-term and long-term borrowings in international capital 
markets were in the form of syndicated loans. The percentage of borrowings from the developing 
countries rose to 80% and at the same time borrowings by centrally planned economies rose to 
100%. The 1970s syndications were attributed to upcoming countries and project finance 
requirements. And the 1980’s syndications were called for Mergers and Acquisitions (M&A) and 
leveraged buyouts (LBO). 
 
The last ten years have witnessed an unprecedented growth of the syndicated loan market. 
Between 1990 and 2001 the volume of facilities granted to private firms increased more than five 
times, topping US $1.6 trillion in 2001 (Casolaro et al, 2005)   
4.1.4 Types of tranches  
 
Syndicated loans generally have two types of tranches- a pro rata tranche and an institutional 
tranche.  
 
The pro rata tranche is further composed of a revolving loan and a term loan referred to as the 
“term loan A.” The term loan A generally has the same maturity as the revolver and is fully 
amortizing.  
 
The institutional tranche is composed of one (or more) term loan(s) referred to as the “term loan 
B” (and “term loan C”). These term loans have maturities six months to one year longer than the 
term loan A and have minimal amortization with a bullet payment required at maturity (called 
“backend amortization”). 
   
Practically the revolvers have been recognized to be the least valuable of the credit assets 
involved in a securitization as the date of maturity is uncertain. Eventually, banks nowadays try to 
minimize the size of the revolver and increase the size of the institutional tranche.  
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Figure 4.1.1: Types of Syndicated Loans 
 
 
 
4.1.5 Secondary Loan Market 
 
The secondary market in syndicated loans refers to any sale by assignment after the primary 
syndication document is closed and signed. As is illustrated in Figure xx, the secondary loan 
market has been growing steadily over the last fifteen years. 
 
 Loan Pricing Corporation has defined a “distressed loan” as one trading at 90 or less. 
However, the definition of a “distressed loan” is not yet hard and fast. The market participants will 
refer to a loan trading from the low 90s up as a “par” loan. Loans trading from the mid-80s to the 
low 90s are referred to as “crossover.” And loans that trade below 80s is called “distressed.” 
 
Figure 4.1.2: Secondary loan market US 
Source: www.loanpricing.com 
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 As mentioned earlier, the present popularity of syndicated loans is greatly attributable to 
the growing number of M&A and LBO syndications. Banks like Chase, Bank of America and 
many other are actively involved in such transactions. The huge amount of credit required for 
such leveraged transactions leads to increase in credit risks involved. With borrowers like 
Federated Department Stores, Macy’s, Stone Container, Black & Decker, HCA, Time Warner, 
and RJR Nabisco loan amounts demanded are on the rise. Result being the loan syndication 
desks that arranged, underwrote, and distributed the burgeoning volume of activity at that time. 
 
  Barnish et al (1997) reported that, by the end of the 1990s, more than 30 loan trading 
desks had been established and that these were split approximately equally between commercial 
banks and investment banks. 
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Chapter 4.2 Credit derivatives 
 
A credit derivative is an over the counter (OTC) financial instruments used by institutions in 
hedging their credit risk exposure. They constitute off balance sheet transactions. They are 
generally used in the form of private bilateral agreements between two parties to transfer credit 
risk from one party to another. Under a credit derivative contract the risk, that the total returns 
from a credit asset (or “reference asset”) might fall under a certain level or in case of a credit 
event, is transferred without a transfer of the underlying asset. A credit event would be an event 
defined within the credit derivatives contract or the Master Agreement, which happens in respect 
of the reference entity. The three credit events under ISDA (2003) definitions are Bankruptcy, 
Failure to Pay, Restructuring. However, Credit derivatives cannot eliminate all credit risk because 
inherent in the transfer of a loan exposure to Company A, is the introduction of a new exposure to 
Company B because of the use of a derivative with Company B. Usually a AAA rated Special 
Purpose Vehicle or a Special Purpose Corporation (SPV or SPC) is created to form a bridge 
between the two parties Generally, AAA-rated Special Purpose Corporations or Vehicles (SPCs 
or SPVs) are created to enter into such transactions to reduce the new exposure. The major 
types of credit derivatives are total return swap, credit default swap and credit linked note. 
 
4.2.1 Credit Default Swap 
 
Under this kind of credit derivative, one party (also known as protection buyer) pays periodic 
payments to the other party (also known as protection seller). The latter party wouldn’t pay the 
former party unless in the credit event specified in the agreement. If the credit event occurs, then 
the second party will pay the first party and the contract terminates. This payment would be, 
generally equal to the fall in the market value of the referenced asset post the credit event. 
However such agreement covers only credit risk and not other risks like interest rate risk. 
the contract can be settled in two forms after the credit event i.e. cash settlement and physical 
delivery. As the name suggests, cash settlement refers to cash payment after the credit event. 
However, in the physical delivery mode of payment, a pre-agreed asset or assets (Deliverable 
Obligation) to the protection seller for a notional amount of cash as agreed in the contract. 
(www.credittrade.com) 
This can be understood using an example.. Suppose the value of the reference asset is £100. the 
premium paid is 5%. If the credit event doesn’t occur then the outcome will be as shown in the 
diagram below 
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The bank would pay the premium according to the terms of the contract 
Suppose, the credit event occurs and the reference asset value falls to £70. 
the cash contract of CDS agreed states that the protection seller would provide the protection 
buyer, the fall in value of the credit asset. Hence in this case, the protection seller would provide 
the protection buyer £30. this can been understood through the following diagram showing that in 
a normal cash settlement the Protection buyer pays the premium and in case of credit event gets 
the fall in the value of the reference asset 
 
 
Suppose there was a physical delivery contract with the agreement that the whole of referenced 
asset will be transferred to the protection seller in case of credit event. Therefore, as shown in the 
diagram below, the protection seller will give the protection buyer the whole of £100 and in turn 
get the referenced asset. The agreement will then cease to exist. 
 
 
Bank 
 
 
Investor 
Premium = 5% 
No Credit event = 0 
Figure 4.2.1(a) CDS under Credit Event Scenario 
 
 
Bank 
 
Investor 
Premium = 5% 
        Credit Event 
            £ 30 
Figure 4.2.1(b) CDS under credit event with cash delivery scenario 
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Source: 
http://www.nationalbanken.dk/DNUK/Publications.nsf/side/Monetary_Review_4_Quarter_2001/$fi
le/nb03.htm 
 
4.2.2 Total Return Swap 
This kind of swap is similar to the plain vanilla interest rate swap. Under this agreement, the 
protection buyer receives a prefixed return which might be fixed or floating. Whereas, the 
protection seller receives the total returns from the referenced asset. The total returns from the 
credit asset can get affected by an array of factors including some superfluous factors like interest 
rate changes or exchange rate fluctuations. 
 
The basic difference between a credit default swap and a total return swap is credit event. While 
in credit default swap, the protection seller has to make a contingent payment only at the 
occurrence of a specific credit event, in the total return swap the protection is availed no matter 
what the cause of loss is which can be anything from default to change in market conditions. 
 
4.2.3 Credit Linked Note 
 
A credit-linked note (CLN), also called a credit default note, is a fixed or floating rate note where 
the coupon and principal payments are referenced to a reference credit, which can be a single 
entity or multiple entities.  If there is no credit event of the reference credit, all the coupons and 
the redemption value may be paid in full.  However, if there is a credit event, the payments of the 
note will be altered.  For the note’s principal, only a recovery rate will be paid.  For the coupons 
payment can continue or discontinue, depending on the contract.    
 
 
 
Bank 
 
 
Investor 
Premium = 5% 
        Credit Event 
            £ 100 
Reference Asset 
Figure 4.2.1(c) CDS Under Credit Event with Physical Delivery 
Scenario 
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It can be also said that CLN is a combination of a CDS and a Medium Term Note to form a 
security that shows characteritsc of a bond as well as a derivative characteristics to the investor. 
But its far more effective than a CDS in risk management. 
(http://www.credittrade.com/home/education/cln.aspx#Introduction) 
CLN’s are used to transfer only the credit risk and not the other risks. 
Mechanism 
CLNs are normally issued by a SPV or trusts and a credit-default swap agreement between itself 
and a highly rated counterparty.  That is, the pool consists of high quality securities used for 
interest and principal payments in the absence of a qualified credit event and a credit default 
swap agreement based on a riskier credit (the reference asset). Acquisition of the underlying 
security is typically financed through the issuance of notes to the investor 
(www.investopedia.com).               
 
CLNs are often collateralised with securities.  The buyer of a CLN is selling the credit protection in 
exchange for higher yield on the note.  The seller is buying credit protection  
Figure 4.2.3: CLN mechanism 
Source: http://www.credittrade.com/home/education/cln.aspx 
 
 
 
As illustrated in Figure 1, the transaction between buyer and seller is CDS. The issuer sells CLN 
to investor and uses the cash to buy 'AA' rated bonds. As a result, the protection buyer's direct 
exposure to the reference credit is passed to investor via the CDS and CLN.    
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Hence, investors have synthetic exposure to the reference credit.  They buy CLN for a fixed or 
floating coupon.  The redemption amount of CLN is linked to the performance of the reference 
credit.  At maturity, investors receive par if there is no credit event has been happened.  If there is 
credit event, the issuer pays the protection buyer par minus the recovery rate in exchange for fee 
which is transferred to investors as enhanced return.   
 
4.2.4 Credit spread options 
 
A bank can also buy or sell an option on the credit risk of counterparty. It helps to lock-in the 
credit spread to avoid extreme risk conditions. Such options are generally associated with Bonds. 
For example. Say an investor sells an option of buying Bonds of BB rating with 6 years maturity 
by Bank A. The Bank can buy this option at a premium and lock its credit spread at say the strike 
price of 175 basis points. On the maturity day, if the credit spread is less than 175 basis points, 
then the option is worthless. However, in case the credit spread is greater than 175 basis points, 
then the bank will exercise the option.  
 
4.2.5 Capital requirements of credit derivatives 
 (Suzanne Hyldahl, 2001) 
The earlier Capital Accord of 1988 didn’t consider current innovations of credit derivatives and 
credit portfolio management. Hence the treatment of credit derivatives depended on the country 
specific rules and regulations.  However, the new Basel Accord gives due consideration to these 
products. 
The new Basel Accord distinguishes between capital requirements for assets in the trading book 
and the banking book, respectively (Sunil K Agarwal). The trading book is understood to be 
typically consisting of negotiable short term financial assets, while the banking book comprises 
long term loans granted in due course of traditional lending activities of the bank.  
The proposed new capital adequacy rules 
With regard to the banking book, the proposal is (Basel II) 
“…..only credit default swaps offering credit protection comparable to that offered by guarantees 
are entitled to recognition, and the previously mentioned "substitution" of the risk weighting of the 
reference asset by the risk weighting of the protection seller is maintained”   
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According to the new rule, in the future banks, as protection buyers, can choose e.g. insurance 
companies of high creditworthiness (a credit rating of A or above) as counterparties while earlier 
protection sellers were exclusively banks.  
For the specific risk capital charge applied to trading book positions that are hedged by credit 
default swaps where there is an exact match in terms of reference asset, maturity and currency) 
an 80 per cent specific risk offset is allowed under the new rules (Basel II).  
The Basel committee is becoming more and more stringent regarding credit derivatives to avoid 
any legal or operational risks associated with them. Rules and regulations have increased and 
need to be duly provided for. And they might come up with even more rules in next Consultation.  
Summing up 
Although credit derivatives are beneficial in diversification of risks, they do have strings attached. 
For once, it might aggravate the risks involved then reducing. Also, regulatory authorities are 
bringing newer regulations, which need to be taken care of. 
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Chapter 4.3 Securitisation 
 
While discussing securitization, the discussion will be confined to Collaterized Debt Obligations 
CDOs, as they are used in credit risk management. 
 
4.3.1 CDO structure 
 
CDOs refer to securitization of a pool of assets where the underlying asset is a debt obligation. It 
can be bifurcated into collateralized loan obligation (CLO) or collateralized bond obligation (CBO) 
where the underlying assets are loans and bonds respectively. 
 
According to Wikepedia, “Collateralized Debt Obligations or CDOs are a form of credit derivative 
offering exposure to a large number of companies in a single instrument. This exposure is sold in 
slices of varying risk or subordination - each slice is known as a “tranche”. These tranches can be 
categorized as senior, mezzanine and subordinated or equity in accordance with the credit risk 
involved (Matthieu Royer). The senior tranche generally rated A or AAA and mezzanine as B or 
BBB. In case of defaults or fall in the collateral, the scheduled payments are made in the order of 
tranche quality i.e. senior tranche being given first preference followed by mezzanine and then 
subordinated/equity tranches. This structure is known as “Cash Flow Waterfall”. A CDO can also 
be understood as a SPV with all the assets, liabilities and a manager as shown in the diagram 
below (Domenico Picone):  
Figure 4.3.1: A CDO structure 
Source: Domenico Picone 
 
As shown in the diagram, the assets are transferred from the originating bank to the SPV which 
then uses the cash from issue of notes for the payment of assets. The interest payments and 
principal repayments are divided into various tranches. 
4.3.2 Traditional/Cash CDOs  
In a cash flow CDO, as shown in the Figure 4.3.2, the traditional mechanism is used whereby 
there is a true sale of assets (loans/bonds) to the SPV which further collects money through issue 
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of CDO tranches. The servicer collects money on behalf of the SPV and reallocates it to various 
tranches. 
Figure 4.3.2: Traditional or Fully funded CDOs  
Source: Cousseran et al 
 
 
4.3.3 Synthetic CDOs 
Synthetic CDOs are used to transfer the credit risk via credit default swaps avoiding any change 
in the ownership of the assets. They can be further classified into fully funded and partially funded 
synthetic CDOs. 
4.3.3 (a) Fully funded synthetic structures 
In fully funded synthetic structure, hundred percent of the reference portfolio is hedged through 
credit default swaps. The cash received through the issue of tranches is reinvested in risk free 
assets (usually government securities). The cash from the collateral pool and the premium 
received by the SPV can be used by the originating bank in reducing their cost of setting up such 
a structure as well as of interests on tranches, provided there is no credit event. In a credit event, 
the SPV would sell off a part of the risk free assets. The tranche faces the loss as reduction of 
repayment of principal values of tranches. 
 
This mechanism can be understood through Figure 4.3.3 (a) on next page. 
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Figure 4.3.3 (a): Fully funded synthetic CDO 
Source:  Domenico Picone 
 
4.3.3(b) Partially funded CDOs 
Under this type of CDO, the originator bank enters into a credit default swap for the major portion 
of its portfolio and through issue of securities for rest of the portfolio. As shown in the diagram 
below, 87% of the portfolio is entered into a “Super-senior” default swap straight with counterparty 
and the rest of the portfolio is issued as notes through a SPV. The Super-senior swap helps the 
originator to reduce its cost as it’s cheaper. Also it aids in transfer of credit risk to a great extent 
and thus helps in reducing regulatory capital requirements. However, there is still counterparty 
risk involved in such a structure. 
Figure 4.3.3(b): Partially Funded CDO 
Source: Cousseran et al 
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 A famous example is JP Morgan’s Bistro which was done in 1997. It was based on a pool of 
300 corporate and public finance  credits located in Canada, the United States and Europe 
(Charles W. Smithson, 2002). 
4.3.4 Cash and Market value CDOs 
 
A cash CDOs  utilizes cash flows from collateral to pay principal and interest to investors. If there 
is shortage of funds then the tranches can be discharged based on the seniority. 
 
In case of Market value CDOs, payments are related with the market value of the collateral. In the 
event of market value of collateral falling below a certain level, the relevant collateral portion is 
sold off and the receipts are used to discharge equity tranch. If the value of collateral falls further, 
the senior tranches get affected. 
 
The difference between the two classes can be understood using the following table: 
     
Figure 4.3.4 Market Values and Cash Flow CDOs 
Source: Charles W. Smithson, 2002 
 
Market Value Deals Cash Flow Deals 
Performance (repayment) linked to the market 
value of collateral 
Performance based strictly on cash flow of the 
collateral 
Ratings based on overcollaterization tests Ratings based on cash flows and expected 
losses 
Collateral must be liquid Collateral can be illiquid (up to 100% can be 
bank loans 
More special situation debt, i.e. distressed debt Longer term; smaller equity; more conservative 
More active management of the pool; higher 
management fees 
Less active management ( lower management 
fees) 
 
 
4.3.5 Balance sheet and arbitrage CDOs 
 
The balance sheet CDOs differ from the Arbitrage CDOs because of the difference in intent for 
such CDOs. Balance sheet CDOs are used to transfer the on sheet assets like loans into off 
balance sheet assets. On the other hand the Arbitrage CDOs are used to use some arbitrage 
possibilities. Arbitrage CDOs aim at exploiting the spread between the yield on the underlying 
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asset and the lower cost of servicing the CDO securities (Charles W Smithson, 2002). 
According to the efficient market theory, securities that are issued through a CDO should have a 
market value equal to the collateral. However, this is not generally the case and there is a 
possibility of arbitrage. 
 
Due to regulations like capital requirements, investment restrictions by management (eg 
insurance companies, pension plans, banks and mutual funds) etc, many institutional investors 
face constraints on investment in below-investment-grade debt. And hence there is a spread on 
such investments. A portfolio of such investment grade can be repackaged into tranches which 
might even fare ratings like AAA (Matthieu Royer ) 
 
4.3.6 Single tranche CDOs 
 
Single-tranche CDOs were created in 2003 (Matthieu Royer) and are synthetic in nature. The 
arranger, in such an arrangement, sells a single tranche – usually at the mezzanine level – to a 
single investor, instead of selling all the tranches (equity, mezzanine and senior). 
 
These CDOs, which may be funded or unfunded, have the following advantages (Matthieu 
Royer): 
 
• As single tranche CDOs are customized as per the investor requirements,as regards the sixe 
and level, they  are preferred by the investors. At the same time it helps in avoiding the risks of 
moral hazard or adverse selection which are associated with tradition CDOs 
• They are relatively easy to set up than the traditional CDOs as they save the cost and the time 
of selling different classes of tranches. Also, in general, the investor contacts the arranger, and 
not vice versa resulting in lower sales costs. 
 
The protection sold is a multiple of the notional value of tranche called delta. This delta measures 
change in tranche’s value with respect to changes in spreads. It is calculated using the 
mathematical models. 
 
This structure can be understood through the following diagram where the protection is sold to 
single mezzanine tranche worth 3 million Euros, where delta is 5 and hence the protection is sold 
for  
                                                      3 x 5 = 15 million Euros 
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Figure 4.3.6: Single Tranche CDO 
Source: Source: Cousseran et al 
 
 
4.3.7 Cdo2 
 
They are latest in the innovative CDO range called CDOs Squared. They are more complicated 
CDOs then those ever developed where each underlying credit risk is itself a CDO tranche. 
 
4.3.8 Regulatory Treatment  
 
Although Basel committee was in convergence with the view that securitization aids financial 
institutions in the ways such as reducing the regulatory capital requirements, acquiring additional 
funds, that too at reduced costs, improving financial ratios as securitization leads to off-balance 
sheet transactions and management of portfolio risk . 
 
However the committee expressed its concern on securitization by issuing guidelines for the 
various parties involved in securitization viz. originator, servicer, sponsor, credit enhancer, 
liquidity provider, swap counterparty, underwriter, trustee, and investor. The rationale behind this 
being the change in risks involved when compared with traditional securitization as the procedure 
becomes more complex. 
 
The January 2001 Consultative Document lays down the Basle Committee proposal for treatment 
of the originating and sponsoring banks’ traditional securitizations. They provide an overview for 
treatment of traditional securitizations under the IRB approach. 
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Standardized Approach- Proposed Treatment for Originating Banks- for the transfer of the pool 
of securitized assets off the balance sheet in order to calculate the regulatory capital, the 
originating bank must transfer the assets legally or economically via a true sale (e.g., novation, 
assignment, declaration of trust, or sub-participation). The “clean break” will be deemed to have 
occurred only if:  
 
• The transferred assets are in no way attached to the originating bank or the bank’s 
creditors. The assets should have been legally secluded from the transferor, even in the 
event of bankruptcy or receivership. This should be backed by legal opinion. 
 
• The transferee is a qualifying SPV and the holders of the beneficial interests in that entity 
have the right to pledge or exchange those interests. 
 
• The transferor does not maintain effective or indirect control over the transferred assets.  
 
Under this approach, credit enhancement may be provided only at the outset of the securitization 
and the full amount of the enhancement must be deducted from capital, using the risk-based 
capital charge as it would have been done if the assets were held on the balance sheet. 
 Liquidity facilities are permitted only to the extent that they smooth payment flows, 
subject to conditions, to provide short-term liquidity.  
 Early amortization clauses in revolving securitizations will be subject to a minimum 10% 
conversion factor applied to the securitized asset pool. 
 
Standardized Approach- Proposed treatment for Sponsoring Banks – the sponsor bank 
providing a first-loss credit enhancement provided by a sponsor must deducted it from capital. 
The second-loss enhancements should be risk-weighted based on their external ratings. In case 
they are not externally rated or if the assets are in multiple buckets, they should be risk-weighted 
according to the highest weighting of the underlying assets for which they are providing loss 
protection.  
 
Other commitments (i.e., liquidity facilities) usually are short term and, therefore, effectively are 
currently not assessed a capital charge since they are converted at 0% to an on-balance-sheet 
credit equivalent amount as required by the 1988 Basle Accord. Under certain conditions, liquidity 
facilities provided by the sponsor may be concerted at 20% and risk-weighted at 100%. 
Otherwise these facilities will be treated as credit exposures. 
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IRB Approach – Treatment for Issuing Banks- the Basle Committee proposed the full amount of 
retained first-loss positions deduction from capital, for the banks which issue securitization 
tranches. This is applicable irrespective of the IRB capital requirement on the underlying pool of 
securitized assets. 
  
IRB Approach- Treatment for Investing Banks- The investor bank, under the committee 
proposal, would treat the tranche as a single credit exposure like other exposures, and apply a 
capital requirement on the basis of the PD and LGD appropriate to the tranche. The appropriate 
PD would be based on the external rating of the particular tranche. 
 
Basle Committee realized that the popularity of synthetic CDOs as a tool to reduce regulatory 
capital and believed that the introduction of new rules will reduce the incentive for banks to 
engage in a synthetic securitization in order to minimize their capital requirements. However, the 
committee does accept that there are issues much more than what appears on the surface and 
hence further changes can be expected in the regulatory treatment of securitization.  
 
4.3.9 Putting it together 
 
Analyzing CDOs is a daunting task. The entire portfolio of credits has to be analyzed, Then even 
in managed deals, the investor might not know about the collateral. On top of it the structure of 
CDOs can be very complicated. It thus becomes necessary to put sophisticated Portfolio Credit 
Risk Models and proper implementation and monitoring of such models.  
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Chapter 5 Credit Scoring and Probability of default 
 
5.1 What is credit scoring? 
 
 Credit scoring is a method of evaluating the credit risk of loan applications. Credit scoring tries to 
isolate the effects of various applicant characteristics on delinquencies and defaults using 
historical data and statistical techniques (Loretta J. Mester, 1997). The method produces a 
“score” that a bank can use to rank its loan applicants or borrowers in terms of risk. To build a 
scoring model, or “scorecard,” developers analyze historical data on the performance of 
previously made loans to determine which borrower characteristics are useful in predicting 
whether the loan performed well.  
 
To predict delinquency or default (probability of default), and assigning weightage to each of the 
factors, regression analysis relating loan performance to these variables is used. In most scoring 
systems, a higher score indicates lower risk, and a lender sets a cut-off score based on the 
amount of risk it is willing to accept. 
 
By selecting and combining different economic and financial borrower characteristics, an FI 
manager may be able to:  
1. Numerically establish which factors are important in explaining default risk. 
2. Evaluate the relative degree or importance of these factors.  
3. Improve the pricing of default risk. 
4. Be better able to screen out bad loan applicants. 
5. Be in a better position to calculate any reserves needed to meet expected future loan 
losses. 
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5.2. Earlier Credit Scoring Models 
 
Earlier Credit scoring models include these three broad types: (1) liner probability models (2) logit 
models, and (3) linear discriminant analysis.  
5.2.1 Linear Probability Model and Logit Model  
 
The linear probability model uses past data, such as financial ratios, as inputs into a model to 
explain repayment experience on old loans. It can be used for assessing p, the probability of 
repayment. 
 
Briefly, we divide old loans (i) into two observational groups: those that defaulted (Z1 =1) and 
those that did not default (Z1 = 0). Then we relate these observations by linear regression to a set 
of j causal variables (Xij) that reflect quantitative information about the ith borrower, such as 
leverage or earnings. We estimate the model by linear regression of this form : 
     1 ,
1
n
j i j
j
Z X errorβ
=
= +  
where j is the estimated importance of the jth variable (leverage) in explaining past repayment 
experience. 
 
E(Zi) = (1 –pi) = expected probability of default, where pi is the probability of repayment on the 
loan. 
 
While this technique is straightforward as long as current information on the Xij is available for the 
borrower, its major weakness is that the estimated probabilities of default can often lie outside the 
interval 0 to 1. The logit model overcomes this weakness by restricting the estimated range of 
default probabilities to the between 0 and 1027 
5.2.2 Linear Discriminant Models  
 
Discriminant analysis is a set of methods for separating subgroups in data using some 
discriminant rules, it is well explained in Hardle and Simar (2002).  While linear probability and 
logit models project a value for the expected probability of default if a loan is made, discriminant 
models divide borrowers into high or low default risk classes contingent on their observed 
characteristics (Xj). 
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In the discriminant analysis model developed by E.I. Altman, the indicator variable Z is an overall 
measure of the default risk classification of a commercial borrower. Altman’s discriminant 
function (credit –classification model) takes the form: 
 
   Z = 1.2X1 + 1.4X2 + 3.3X3 +0.6X4 + 1.0X5 
Where 
X1 = Working capital/total assets ratio 
X2 = Retained earnings/total assets ratio 
X3 = Earnings before interest and taxes/total assets ratio 
X4 = Market value of equity/book value of long-term debt ratio 
X5 = Sales/total assets ratio 
 
 The higher the value of Z, the lower the default risk classification of the borrower.  
 
Many papers treating credit scoring use also discriminant analysis method to distinguish “good” 
and “bad” clients in the sample (Back et al., 1996) or (Desai et al., 1996).  The empirical 
performance of linear discriminant analysis is relatively “good” (Desai et al., 1996).   
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5.3 Newer credit risk models 
 
The newer group of credit risk models uses financial theory and more widely available financial 
market data to make inferences about default probabilities on debt and loan instruments. 
 
1.The term structure of credit risk approach 
2.Mortality rate approach 
3.RAROC models  
4.Option models  
5.CreditMetrics  
 
5.3.1 Term Structure Derivation of Credit Risk 
 
One market-based method of assessing credit risk exposure and default probabilities is to 
analyze the risk premiums inherent in the current structure of yields on corporate debt or loans to 
similar risk-rated borrowers. Rating agencies such as Standard & Poors (S&P) categorize 
corporate bond issuers into at least seven major classes according to perceived credit quality. 
5.3.2. Mortality Rate Derivation of Credit Risk 
 
Rather than extracting expected default rates from the current term structure of interest rates, the 
FI manager may analyze the historic or past default risk experience, the mortality rates of bonds 
and loans of a similar quality. These marginal mortality rates (MMRs) can be estimated from 
actual data on bond and loan defaults. Specifically, for grade B quality bonds/loans ( Mario 
Onorato and Edward I. Altman, May 2005), 
 
Total value of grade B bonds defaulting in year 1 of issue1
     Total value of grade B bonds outstanding in year 1 of issue.
MMR =  
   
 
 MMR2 =        Total value of grade B bonds defaulting in year 2 of issue    
                                  (Total value of grade B bonds outstanding in year 2 of  
                                  issue adjusted for  defaults, calls, sinking fund redemptions 
                                   and maturities in the prior year)  
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The mortality rate approach has a number of conceptual and applicability problems. It produces 
historic or backward-looking measures. Also, the estimates of default rates and therefore implied 
future default probabilities tend to be highly sensitive to the period over which the FI manager 
calculates the MMRs. 
5.3.3. RAROC Models  
An increasingly popular model used to evaluate (and price) credit risk based on market data is 
the RAROC model. 
One year income on a loanRAROC = 
Loan (asset) risk or capital at risk  
   ( source: Mei Han et al) 
 
A loan is approved only if RAROC is sufficiently high relative to a benchmark return on capital 
(ROE) for the FI where ROE measures the return stockholders require on their equity investment 
in the FI. We can rewrite the duration equation with the following interpretation to estimate the 
loan risk or capital at risk on the loan: 
 
LN =                   - DL N            X           LN            X               (R/(1+ R) 
(Dollar capital               (duration of        (risk amount or           (expected maximum 
risk exposure                   or  loan)          size of loan)                change in the credit 
                       loss amount)                                                    premium of risk 
                                                                                                   factor on the loan) 
 
The R in the RAROC equation equals: 
 
    R = Max [ (Ri - RG) >0] 
where (Ri - RG) is the change in the yield spread between corporate bonds of credit rating class 
I (Ri) and matched duration treasury bonds (RG) over the last year. In order to consider only the 
worst-case scenario, the maximum change in yield spread is chosen, as opposed to the average 
change. 
5.3.4 Option Models of Default Risk 
 
In recent years, following the pioneering work of Merton, Black, and Scholes and others, we now 
recognize that when a firm raises funds by issuing bonds or increasing its bank loans, it holds a 
very valuable default or repayment option (Anthony et al, 2006).   
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The KMV model in fact recognizes this problem by using an option pricing model (OPM) 
approach to extract the implied market value of assets (A) and the asset volatility of a given firm’s 
assets (2).The KMV model uses the value of equity in a firm as equivalent to holding a call 
option on the assets of the firm (with the amount of debt borrowed acting similar to the exercise 
price of the call option). From this approach, and the link between the volatility of the market 
value of the firm’s equity and that of its assets, it is possible to derive the asset volatility (risk) of 
any given firm () and the market value of the firm’s assets (A).  
5.3.4(a) Moody’s KMV  
 (Source: Peter Crosbie & Jeff Bohn, 2003, Moody’s KMV) 
MKMV has implemented the VK model to calculate an Expected Default Frequency™ (EDF™) 
credit measure which is the probability of default during the forthcoming year, or years for firms 
with publicly traded equity. The EDF value requires equity prices and certain items from financial 
statements as inputs. There are essentially three steps in the determination of the default 
probability of a firm:  
• Estimate asset value and volatility 
• Calculate the distance-to-default 
• Calculate the default probability 
 
Estimate Asset Value and Volatility 
 
The VK model uses the option nature of equity to derive the underlying asset value and asset 
volatility implied by the market value, volatility of equity, and the book value of liabilities. For 
example, consider a simplified case where there is only one class of debt and one class of equity. 
 
Figure 5.3.4(a) (1): Structure of a firm 
Source: www.business.uiuc.edu/gpennacc/MoodysKMV.pdf 
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To be specific, assume that initially $20 is invested in the firm and a further $80 is borrowed from 
a bank. The proceeds, $100, are invested in equities. In Figure 5.3.4(a) (2), the lines from $0 to 
$80 and from $80 to point B represent the market value of the equity as a function of the asset 
value at the end of year five. 
 
The value of debt and equity are intimately entwined. They are both really derivative securities on 
the underlying assets of the firm. When, the reverse of the problem, described in the simple 
example, is solved, it is observed that the market value of the equity and solve backwards for the 
market value of assets  (Figure 5.3.4(a) (2)). 
 
Figure 5.3.4(a) (2): Value of assets and liabilities of the firm 
Source: www.business.uiuc.edu/gpennacc/MoodysKMV.pdf 
 
 
 
Calculate the Distance-to-default 
There are six variables that determine the default probability of a firm over some time horizon, 
from now until time H (Figure 5.3.4(a) (3)) on next page: 
 
1. The current asset value. 
2. The distribution of the asset value at time H . 
3. The volatility of the future assets value at time H . 
4. The level of the default point, the book value of the liabilities. 
5. The expected rate of growth in the asset value over the horizon. 
6. The length of the horizon, H . 
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Figure 5.3.4(a) (3): KMV model of distance to default 
Source:www.business.uiuc.edu/gpennacc/MoodysKMV.pdf)
 
If the value of the assets falls below the default point, then the firm defaults. Therefore, the 
probability of default is the probability that the asset value will fall below the default point. This is 
the shaded area (EDF value) below the default point in Figure 5.3.4(a) (3). 
 
Figure 5.3.4(a) (3) also illustrates the causative relationship and trade-off among the variables. If 
the future distribution of the distance-to-default were known, the default probability (EDF value) 
would simply be the likelihood that the final asset value was below the default point (the shaded 
area in Figure 5.3.4(a) (3)). However, in practice, the distribution of the distance-to-default is 
difficult to measure. Moreover, the usual assumptions of normal or lognormal distributions cannot 
be used. MKMV first measures the distance-to-default as the number of standard deviations the 
asset value is away from default and then uses empirical data to determine the corresponding 
default probability. As discussed in a previous section, the distance-to-default is calculated as: 
 Figure 5.3.4(a) (4): Distance to default 
Source: www.business.uiuc.edu/gpennacc/MoodysKMV.pdf 
 
This is marked as DD in Figure 5.3.4(a) (3). 
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Calculate the Default Probability 
Moody’s obtain the relationship between distance-to-default and default probability from data on 
historical default and bankruptcy frequencies. From their database, a lookup or frequency table 
can be generated which relates the likelihood of default to various levels of distance-to-default. 
5.3.4(b) Credit VaR and CreditMetrics  
CreditMetrics was publicized in 1997 by JP Morgan. Its methodology is based on probability of 
moving from one credit quality to another within a given time horizon (credit migration analysis). 
The estimation of the portfolio Value-at-Risk due to Credit (Credit-VaR) through CreditMetrics is 
summarized by Figure 5 
Figure 5 .3.4 (b) Credit- VaR 
 
A rating system with probabilities of migrating from one credit quality to another over a given time 
horizon (transition matrix) is the key component of the credit-VaR proposed by JP Morgan. The 
specified credit risk horizon is usually one year (source: 
http://www.ronalddomingues.com/index.php?lang=1&s=finance&id=37). 
 
The CreditMetrics™ methodology assesses individual and portfolio VaR due to credit exposure 
(source: http://defaultrisk.com/press_release_creditmetrics.htm).  It calculates this VaR by 
considering the exposure profile of each instrument in a portfolio; computing the volatility in value 
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of each instrument caused by possible upgrades, downgrades, and defaults; and, taking into 
account correlations between each of these events, combining the volatility of the individual 
instruments to give aggregate portfolio volatility. The result is a comprehensive measurement of 
portfolio VaR arising from credit exposure that is comparable to VaR measures commonly used 
to describe market risk. 
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Chapter 6 
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Chapter 6 A Model Application 
 
Now that an overview of the Credit Portfolio Management is well discussed, a numerical example 
of how it is done is presented. 
 
This example is based on the “Visual Analysis Paper” by Uwe Wehrspohn(2003). The aim of this 
technique is to develop better understanding of Credit Portfolio Management using the asset 
value model. 
 
Robert Merton, originally, came up with the idea of asset value model which was further 
developed by KMV (this has been already been explained in detail in this Chapter 5) to a credit 
portfolio model. 
 
The Merton’s model assumed the corporate debt portfolio to consist of only a single zero bond. 
Eventually, default is assumed to have occurred if the asset value of the firm at the maturity of the 
zero bond is inferior to the face value of the bond. The asset value process is modeled as a 
geometric Brownian motion so that asset returns at maturity of the bond are normally distributed 
(Uwe Wehrspohn 2003b). 
 
Further, under this asset value model of credit risk, 
 
• Default probability p is known 
• Asset returns X are standard normally distributed, i.e. X ~ N 0; 1.  
• A firm defaults if asset returns are inferior or equal to a default threshold say D , i.e. if 
X<=D . This model, also used by the Basel Committee (Basel II), is a simplified 
CreditMetrics model which differentiates only between default and non-default. Default 
occurs if the asset return falls below a certain threshold D: 
• Since this event occurs with probability p, we have D =N- (p) where N- (.) is the inverse 
cumulative standard normal distribution function. 
  
Using the paper Uwe Wehrspohn 2003b and personal discussions with Dr. Peter Oliver, some 
basic concepts of the analysis were developed.  
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6.1 Numerical basis of the model used 
 
6.1.1 The individual firm - systematic and non-systematic risk and the risk index 
 
Let i be a firm with returns over period1 as Ri. There are two statistics that are naturally associated 
with the random variable Ri; 
1. µi the expected value: µi = E(Ri) 
2. σi the standard deviation: σi2 = Var(Ri) 
 
As the firm has both systematic and non-systematic risks involved, the returns from systematic 
factor will have its returns denoted by RM. In analogy with the CAPM this could be the return on 
the market portfolio but in this case an alternative systematic return could be used. As in the case 
of all firms being from the same sector, a rational approach would be to use a capitalisation 
weighted portfolio of this entire sector as the indicator of systematic risk. RM also has two 
statistical values associated with it, µM and σ M , which are defined analogously to those above. 
 
A simple linear model will be used to relate the firm’s return to the systematic return. 
This is: 
Ri = a+b RM 	 + c ει         (1.1-1) 
where ει is a standardised random variable representing the non-systematic risk of the firm 
implying it is normally distributed with zero mean and unit variance (i.e. Ε (ει) =0,   Ε (ει2) = 1). 
The parameters a, b and c are defined later.  
It is worth noticing here that the random variable ε
 is not related to RM (i.e. E[(RM - M)εi =0) 
reconfirming the premise that the non-systematic part of risk is independent of the systematic 
part. 
 
Take the expectation of (1.1-1) to get: 
 
E(Ri) = a+b E(RM)+ cE (εi ) = a+bE(RM) (as E(ει)= 0) 
  
i =a+bM 
 
and subtract this from (1.1-1) to get: 
 
Ri-i = b (RM-M)+cεΙ       (1.1-2) 
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Square this and take expectations to get: 
(Ri-i)2 = b2 (RM-M)2 +2bc (RM-M) εΙ+c2ει2 
  
Ε [(Ri-i)2] =b2E[(RM-M)2]+2bcE[(RM-M) εI]+C2E[ει2]   (1.1−3) 
  
σι
2 
=b2 σ2Μ + c2       (as E[(RM-M) ει]=0 and Ε[ει2] =0 ) 
 
 
The other thing that can be done with equation (1.1-2) is to multiply through by RM-M  and take 
expectations: 
 
 
2
i i M M M M M M i(R µ )(R µ ) b(R µ ) c(R µ )− − = − + − ε  
  
2
i i M M M M M M iE[R µ )(R µ )] bE[(R µ ) ] cE[(R µ ) ]− − = − + − ε                       (1.-4) 
       
  
2
i M MCov(R ,R ) b= σ    M M i(as E[R µ ) ] 0)− ε =  
 
The correlation between Ri and RM can be symbolized by pi so that Cov(Ri, RM) = ρι σΙ σM. Then 
equations (1.1-3) and (1.1-4) can be used to produce: 
 
2 i i
i i M M
M
b b ρ σρ σ σ = σ  =
σ
 
2 2 2 2 2 2 2
i M i ib c c (1 )σ = σ +  = σ − ρ  
 
Now, substitute it into (1.1-2) and rearrange to get: 
2i i
i i M M i i i
M
R µ (R µ ) 1ρ σ− = − + σ − ρ ε
σ
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    
2i i M M
i i i
i M
R µ R µ 1   − −= ρ + − ρ ε   
σ σ   
 
Defining the risk index, Xi for firm i to be the deviation from the expected return per unit volatility 
and similarly a risk index Y for the systematic returns this can be written as: 
 
2i i M M
i i i
i M
R µ R µ 1   − −= ρ + − ρ ε   
σ σ   
 
(1.1-5) 
	 

− −
= ρ + − ρ ε = = 
σ σ 
2 i i M M
i i i i i
i M
R µ R µX Y 1 X ,Y  
This is the fundamental result of this section and the later parts are based on this result. 
Here it is important to note that the risk index is itself a normalized random variable in the sense 
that: 
i i M M
i
i M
R µ R µX Y− −= =
σ σ
 
  
2 2
i iE[X ] E[Y] 0 and E[X ] E[Y ] 1= = = =  
6.1.2 Loss distribution for a homogeneous portfolio of firms 
The risk index is useful in measuring default probability away from the typicality of firms’ 
characteristics such as size. Default by firm i will be measured by the level of the risk index. So 
for a default level d it will be assumed that default occur if iX d≤  and does not occur otherwise 
(Chapter 2). In other words: 
 Credit Default: i i i iX d R µ d≤ ⇔ ≤ + σ  
(1.2-1) 
 No Credit Default: i i i iX d R µ d> ⇔ > + σ  
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Consider a homogenous portfolio of n firms. It implies that the risk indices and default levels, d, 
are the same for each firm in the portfolio. Specifically the same systematic risk variable, Y, 
applies to each, the same default level, d, applies to each and the correlation between Xi and Y is 
ρ for each. At the same time, the non-systematic risk random variables are all independent of one 
another. 
While the systematic risk index of the n firms is at a given level, each firm has its own non 
systematic risk. The two are independent of each other. As a result, we have a probability 
distribution for the number of firms expected to default. The objective is now to find the probability 
distribution of the proportional credit loss. The inter dependence of the systematic risks and 
independence of non-systematic risks need to be given due consideration in the development of 
the risk model. 
Recalling the assumptions that the risk indices are normally distributed and because of their 
construction it is immediately possible to say that iX ~ N(0,1)  and Y ~ N(0,1) . Denoting the 
cumulative distribution function for the standard normal distribution by N(.) (Appendix II) it follows 
that : 
 iPr{X d} N(d)≤ =  
So if ρ is the probability of credit default by firm Xi. 
 
1
iPr{X d} N(d) d N ( )−ρ = ≤ =  = ρ  
Furthermore, from (1.1-6) it follows that if both Xi and Y are N(0,1) then ει ~ N(0,1) and so for a 
given value, y, of the systematic risk index, Y, the probability of default of the firm i is : 
 i i 2 2
d y d yPr{X d | Y y} Pr | Y y N
1 1
	 
  
− ρ − ρ 
 ≤ = = ε ≤ = =   
− ρ − ρ    
 
This can be written in terms of the probability of default of the individual firm ρ (see above) as : 
 
1
i 2
N ( ) yPr{x d | Y y} N
1
− ρ − ρ
 ≤ = =
 
− ρ 
      (1.2-2) 
 
To simplify future use the above probability can be rewritten as q so that iq Pr{X d | Y y}= ≤ = . 
Let the credit exposure of the whole portfolio be E and that of the individual firms be 
1E
n
 each. 
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Let the expected proportional loss factor, in case of default, for individual firms be λ. Then if firm i 
defaults the expected loss is 
E
n
λ
. 
Similarly let L be the expected proportional loss factor for the whole portfolio. Then the expected 
loss for the whole  portfolio is L E. 
L is a random variable and with n firms in the portfolio it follows that : 
 
E ELE 0, ,2 ,..., E
n n
λ λ	 

∈ λ 
 
 
and so : 
 L 0, ,2 ,...,
n n
λ λ	 

∈ λ 
 
 
Furthermore: 
 
kPr L | Y y Pr
n
λ	 

= = = 
 
{k out of n firms default} 
Since the probability of any particular firm defaulting is q the above is simply a binomial 
distribution and so : 
 
n k n k
k
kPr L | Y y C q (1 q)
n
−
λ	 

= = = − 
 
 
Using the well known results for the mean and variance of the binomial distribution (Chapter 2)  it 
follows that the expectation and variance of the expected proportional loss factor L is given by : 
 E(L | Y y) E(k | Y y) nq q
n n
λ λ   
= = = = = λ   
   
 
 
2 2
21Var(L | Y y) Var(k | Y y) nq(1 q) q(1 q)
n n n
λ λ   
= = = = − = = λ −   
   
 
 
This shows that for large n the expected value of L tends to a constant while the variance tends to 
zero and so 
n
L q
→∞
→λ  in probability. 
Substituting for q from (1.2-2) it follows that : 
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1
2
N ( ) yL N given Y y
1
− ρ − ρ
 = λ =
 
− ρ 
     (1.2-3) 
The unconditional probability of L can be easily calculated now. Using the fact the N(.) being the 
cumulative density function of a probability distribution is monotonic increasing not only does its 
inverse (implicitly assumed already) but also inequalities transfer through the inverse function. In 
particular: 
 
1 1
1
2 2
N ( ) Y N ( ) Y cPr{L c} Pr N c Pr N
( 1 1
− −
−
	 
  	 
ρ ρ ρ − ρ    
 ≤ = λ ≤ = ≤      λ 
− ρ − ρ      
 
   
 
1 2 11 cPr{L c} Pr N ( ) 1 N Y− −	 
  ≤ = ρ − − ρ ≤   ρ λ   
 
But Y~N(0,1) so : 
 
1 2 11 cPr(L c) 1 N N ( ) 1 N− −   ≤ = − ρ − − ρ   ρ λ   
    (1.2-4) 
This constitutes a major finding. However, in real life it is far more applicable know the upper limit 
on the proportional loss L which will not be exceeded with confidence level α. This is the same as 
finding the α percentile or solving the equation Pr{L c}α = ≤  for c. Using (1.2-4) to rewrite this 
and then solving for c it can be seen is simply a matter of reversing the previous set of 
operations: 
 
1 2 11 cPr(L c) 1 N N ( ) 1 N− −   α = ≤ = − ρ − − ρ   ρ λ   
 
   
 
− − −
  ρ − − ρ = − α  ρ λ  
1 2 1 11 cN ( ) 1 N N (1 )  
so that : 
 
1 1
2
N ( ) N (1 )Pr{L c} where c N
1
− − ρ − ρ − α
≤ = α = λ  
 − ρ 
   (1.2-5) 
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The symbolic representations used earlier can be summed up now as: 
 p probability of default of an individual firm. 
 ρ correlation of individual firms and systematic risk indices. 
 λ expected loss as a proportional of the credit exposure of an individual firm in 
case of default. 
 L the total portfolio proportional loss. 
 α a selected confidence level for the total portfolio proportional loss L. 
It must also be remembered that the result is only valid for sufficiently large n. That is for 
homogeneous portfolios with a sufficiently large number of firms. 
 
6.1.3 Extension of the homogenous portfolio result 
The results of the previous homogenous portfolio can be further developed for a portfolio of firms 
with different exposures. This is an improvisation of the earlier portfolio as the assumptions of 
firms with identical exposure, risk indices and loss given default characteristics is highly unlikely 
in practical scenario. 
Let there be a portfolio of n firms where firm i has credit exposure Ei so that the credit exposure, 
E, of the portfolio is given by : 
 1 2 nE E E ... E= + + +  
Let Di be a random variable that (given Y=y) takes the value 1 if firm i defaults and takes the 
value 0 otherwise. Again let the expected loss rate for each firm be λ and let L be the proportional 
loss for the portfolio. Then: 
 
n
i i
i 1
LE ED
=
= λ  
   
 
n n
i
i i i i
i 1 i 1
EL w D where : w w 1
E
= =
= λ = =   
As before (see equation (1.2-2)) the probability of default of firm i given the value of the 
systematic risk index Y has value y is : 
1
i i 2
N ( ) yq Pr{D 1| Y y} Pr{X d | Y y} N
1
− ρ − ρ
 = = = = ≤ = =
 
− ρ 
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 i1 q Pr{D 0 | Y y}− = = =  
It follows that: 
 
n
2 2 i
i i
i 1
EE(L | Y y) q Var(L | Y y) q(1 q) w w
E
=
= = λ = = λ − =  
To check this gives the same result as before when all the firms give equal credit exposure simply 
put i
1
w
n
= . 
The previously used argued at this point was that for a large number of firms (i.e. n → ∞ ) the 
variance tends to zero while the expectation remains constant and so by using standard 
probability arguments L q→ λ  in probability. This time the same argument can be used it is 
necessary to ensure not only that the credit portfolio is increased to include more firms 
numerically but also that no firm is allowed to dominate. To be precise the weights must satisfy: 
 
n
2
i
i 1
w 0 as n
=
→ → ∞  
This is not very restrictive in practice as it is obvious that if a single firm accounts for half the 
credit exposure than it makes little difference what the other firms do the expected proportional 
loss L will tend to follow that of this firm. 
The argument now follows precisely the same lines as before with: 
 
1
|Y y 2
N ( ) yL q N
1
−
=
 ρ − ρ
 = λ = λ
 
− ρ 
 
 
and so producing the probability distribution for L in the form : 
 
1 1
2
N ( ) N (1 )Pr{L c} where c N
1
− − ρ − ρ − α
 ≤ = α = λ
 
− ρ 
   (1.3-1) 
 
 
6.1.4 Loss distribution in a slightly heterogeneous portfolio 
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This is a further refinement of earlier portfolios. It is far more real in the manner that it considers a 
portfolio of firms with different characteristics. 
It will be assumed that all of the firms have the same systematic risk index factor Y. 
Consider the case of n firms and in keeping with equation (1.1-5) let them have risk indices that 
satisfy : 
 
 
2
i i i iX Y 1= ρ + − ρ ε   i iX ~ N(0,1) ~ N(0,1)ε  i 1,...,n=  
 
     Y ~ N(0,1)      (1.4-1)  
 
     iE[Y ] 0ε =    i 1,...,n=  
In earlier cases the individual firms were assumed to have the same systematic risk, same 
correlations ρ but independent non-systematic risk ει. However, in this case individual firms have 
their own correlations between their risk index and the systematic risk index. Even the risk 
exposure and expected loss rate would be based on individual characteristics of the firms. 
The correlation between the risk indices of two firms can easily be calculated: 
 
− −       
= = =
i i j ji j
i j i j
i j i j
E (X E X )(X E XCov(X ,X )
Corr(X ,X ) E[X X ]
Var(X )Var(X ) Var(X )Var(X )  
   
 ( ) ( ) = = ρ + − ρ ε ρ + + ρ ε  2 2ii j i j i j j jCorr(X ,X ) E[X X ] E Y 1 Y 1  
   
 
2 2 2
i j i j i i i jCorr(X ,X ) E[Y ] 1 1 E[ ]= ρ ρ + − ρ − ρ ε ε  i ji{since E[Y ] E[Y ] 0}ε = ε =  
   
  
2 2
i j i j i j i jCorr(X ,X ) 1 1 E[ ]= ρ ρ + − ρ − ρ ε ε   2{since E[Y ] 1}=  
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Now for the further development, it becomes essential to assume that the non-systematic risks 
between firms in the heterogeneous portfolio are all zero (i.e. i jE[ ] 0ε ε = . Conflictingly, this is 
precisely the same condition as was required to develop the homogeneous portfolio case (except 
that there 2i jCov(X ,X ) = ρ  while here i j i jCov(X ,X ) = ρ ρ ). The problem is to find a systematic 
risk factor that is suitable for the heterogeneous portfolio and with respect to which the non-
systematic risk factor for the firms in the portfolio are independent of one another. A good initial 
guess for the systematic risk would be a weighted portfolio of the firms in question, however, the 
more heterogeneous the credit portfolio is the less likely it is that a single systematic risk factor 
will; be found that does the job. This limitation is why the results of this section apply to “slightly” 
heterogeneous portfolios. In fact the firms in the portfolio can be widely different but should satisfy 
the conditions (1.4-1) and: 
 i jE[ ] 0ε ε =         (1.4-2) 
as closely as possible. 
To start with consider firm i. Let di be the level of its risk index that would indicate a credit default 
and let pi be the unconditional probability of this. Then : 
 i i i ip Pr{X d } N(d )= ≤ =    isince X ~ N(0,1)  
            (1.4-3) 
 
1
i id N (p )−=  
And in terms of a known value of the systematic risk index (i.e. Y = y) the conditional probability is 
given by : 
 
i i i i
i i i i2 2
i i
d y d yPr{X d | Y y} Pr | Y y N since ~ N(0,1)
1 1
	 
  
− ρ − ρ 
 ≤ = = ε ≤ = = ε 
 
− ρ − ρ    
 
so that, denoting this conditional probability by qi : 
 
1
i i
i i i 2
i
N ( ) yq Pr{X d | Y y} N
1
− ρ − ρ
 = ≤ = =
 
− ρ 
    (1.4-4) 
Now consider the credit portfolio and let the credit exposure from firm i be Ei with expected loss 
rate in case of default of λi. Let Di be the binomial random variable indicating default by firm i (i.e 
Di = 1 firm i defaults and Di=0 otherwise)., Let E be the total credit exposure for the portfolio and L 
the associated expected loss rate random variable. Then: 
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n
i i i
i 1
LE ED
=
= λ     
n
i
i 1
E E
=
=  
Define the exposure weights, wi to be ii
E
w
E
=  and the expression for L becomes: 
 
n
i i i
i 1
L w D
=
= λ     
n
i
i 1
w 1
=
=    (1.4-5) 
 
Using the fact that : 
 i i i iPr{D 1| Y y} Pr{X d | Y y} q= = = ≤ = =  
 i iPr{D 0 | Y y} 1 q= = = −  
the mean and variance of L are : 
 
n n
2 2
i i i i i i i
i 1 i 1
E[L | Y y] w q Var[L | Y y] w q (1 q )
= =
= = λ = = λ −   
The same argument as before is used for large n. As long as 
n
2 2
i i i i
i 1
w q (1 q ) 0
=
λ − →  as 
n → ∞  (since i i i
10 1 and 0 q (1 q )
4
≤ λ ≤ ≤ − ≤  it is sufficient that 
n
2
i
i 1
w 0, as n ) then L E[L | Y y]
=
→ → ∞ → =  in probability. Given that this condition holds 
and using (1.4-4) produces: 
1n n
i i
|Y y i i i i i 2i 1 i 1 i
N ( ) yL E[L | Y y] w q w N
1
−
=
= =
 ρ − ρ
 = = = λ = λ
 
− ρ 
     (1.4-6) 
Consider the expression for L as a function of y. The coefficients in the sum are all positive and 
each of the functions in the sum is monotonically decreasing in y. It follows that |Y yL =  is a 
monotonic decreasing function of y. It follows that for a chosen value of L there is a unique value 
of y satisfying (1.4-6) and furthermore any value of L less than this selected value would 
correspond to a greater value of y. In other words: 
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 Given : 
1n
i i
i i 2i 1 i
N ( ) u
c w N
1
−
=
 ρ − ρ
 = λ
 
− ρ 
  
 Then : L c y u≤ ⇔ ≥  
It follows that : 
 Pr{L c} Pr{Y u} 1 N(u)≤ = ≥ = −  
So that the αpercentile of the distribution of L is given by : 
 
1Pr{L c} 1 N(u) u N (1 )−α = ≤ = −  = − α  
and this allows the fundamental result of this section to be written as : 
 
 
1 1n
i i
i i 2i 1 i
N ( ) N (1 )
c w N {0 1}
1
− −
α
=
 ρ ρ − α
 = λ ≤ α ≤
 
− ρ 
  
            (1.4-7) 
 α≤ = αPr{L c }  
This gives the distribution of the loss rate L. 
Notice that : 
 
1 1n n
i i
0 i i i i2i 1 i 1i
N ( ) N (1)C w N w N( ) 0
1
− −
α=
= =
 ρ − ρ
 = λ − λ −∞ =
 
− ρ 
   
 
− −
α=
= =
 ρ − ρ
 = λ = λ +∞ = λ
 
− ρ 
 
1 1n n
i i
1 i i i i i i2i 1 i 1i
N ( ) N (0)C w N w N( ) w
1
 
 
n
i i
i 1
0 L w
=
 ≤ ≤ λ  
which is obvious but comforting that the expected result is reproduced. 
Some of the more commonly used percentiles are given by: 
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1n
i
0.5 i i 2i 1 i
N ( )C w N
1
−
=
 ρ
 = λ
 
− ρ 
    Median 
 
1n
i i
0.90 i i 2i 1 i
N ( ) 1.282C w N
1
−
=
 ρ + ρ
 = λ
 
− ρ 
  
 
1n
i i
0.95 i i 2i 1 i
N ( ) 1.645C w N
1
−
=
 ρ + ρ
 = λ
 
− ρ 
  
 
1n
i i
0.99 i i 2i 1 i
N ( ) 2.326C w N
1
−
=
 ρ + ρ
 = λ
 
− ρ 
  
 
Note also that when all the firms have no correlation to a systematic risk factor (i.e. i 0ρ =  for all 
i) then : 
 
n
i i i
i 1
C w for all 0 1α
=
= λ ρ ≤ α ≤  
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6.2 The Example Portfolio 
 
The example portfolio constitutes of ten disjoint segments. These segments are characterized by 
different amount of unsecured exposures, expected default probability, loss given default (LGD) 
and correlation to systematic risk. The structure of the portfolio can be understood with the help of 
the following table 
Table 6.2: Example portfolio structure 
 
 
Assumptions: the model makes various simplifying assumptions about the example model 
which are as follow: 
 
• The example portfolio is moderately heterogeneous in the sense of Uwe Wehrspohn 
(2003b), i.e. it is composed of heterogeneous segments which are homogenous in 
themselves and fully diversified and there is only one systematic risk factor. It implies that 
each individual segment is further comprised of infinite identical exposures. However, the 
exposures in various segments differ from each other. The various exposures are linked 
through the single systematic risk factor.  
• The only type of financial products consists of one year zero bonds.  
• The loss distribution is calculated according to the asset value credit risk model 
(Wehrspohn 2003b, theorem 1 and 2). However, any other model can be used for the 
calculation of the portfolio loss distribution.  
 
6.2.1 The VaR approach 
 
The VaR approach has fast become the standard tool for credit portfolio management (Hans 
Rau-Bredow, 2002). It is defined as the quantile of the profit and loss distribution for a given 
confidence level. Say for example for a confidence level of e.g. p=99%, one is 99% certain that at 
the end of the planning horizon there will be no greater loss than just the VaR. If VaR is 
Segment I II III IV V VI VII VIII IX X 
Unsecured Exposure= E 5 3 5 8 15 26 16 28 12 17
Expected default probability(in %) = p 0.03 0.10 0.30 0.80 1.00 1.20 1.70 2.30 3.50 6.00
loss given defaul (in %) = 0.25 0.44 0.25 0.33 0.56 0.51 0.45 0.6 0.51 0.57
correlation to systematic risk (in %) = ri 0.28 0.32 0.34 0.22 0.26 0.34 0.24 0.36 0.22 0.24
Mamta Sawhney                                                                                  Credit Portfolio Management 
                                                                                                              In Financial Institutions 
Pg no: 82 of 112 pages 
completely covered by equity capital, the confidence level is the minimum probability that 
insolvency will not occur. In practice, VaR for a credit loan portfolio is calculated with models like 
CreditRisk+ (1997) from Credit Suisse First Boston or CreditMetrics (1997) from JP Morgan. 
Recently, the Basel Committee on Banking Supervision has also adopted VaR in the proposals 
for a new capital accord. 
 
Using the equations derived in earlier section, VaR is calculated for the whole portfolio at various 
confidence levels. This is represented diagrammatically in the Figure 6.2.1. 
 
Figure 6.2.1 Loss distribution of the portfolio 
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6.2.2 Marginal Analysis 
 
The portfolio can be analysed by calculating the marginal risks associated with the segments. 
This can be done by calculating the 99.5% VaR say V1 for the whole portfolio and then deducting 
a segment and recalculating the 99.5% VaR say V2 for the rest of the portfolio. The difference V1 - 
V2 would be the marginal VaR of that particular segment. Alternatively, as the VaR of the whole 
portfolio is simple summation of the VaR of individual segments, the VaR of a particular segment 
can be straightaway observed. 
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Marginal risk conditional to default:  
 
Based on the assumption that the secured exposure will not be affected at all in case of default, 
the simplest concept in marginal risk analysis estimates the marginal risk being equal to the value 
of unsecured exposure.  
 
The bank can now choose to put a limit on this marginal risk distribution. Like in the example 
portfolio, we put a limit of exposure limits (marginal risk conditional to default) at the level of 25. 
Now, as shown in the figure 6.2.2, the segments VI and VIII have marginal risk (26 and 28 
respectively) more than the limit of 25. As it represents the risk given default, default probability is 
not considered. 
 
Figure 6.2.2 Exposure Distribution and exposure limits 
 
Within marginal analysis framework, the risk contribution and exposure contribution of segments 
can be compared. It can help us in identifying segments with high risk proportion as compared 
with other segments. As in the figure 6.2.3, we can observe risk contributions as well as exposure 
contributions. For example segment VIII contributes 20.74% to the whole portfolio in terms of 
unsecured exposure while its risk contribution is 32.65% of the total 99.5% VaR of the portfolio.  
A segment’s risk concentration can be calculated as its marginal risk divided by the sum of 
marginal risks of all the segments (total portfolio risk). At the same time it can be observed that 
segment I contributes 3.7% to the total exposure while its risk contribution is only .06%. This 
shows the impact of probability of default which is lower in case of segment I and very high in 
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case of segment VIII. It is worth noticing here that segment X contributes approximately 1/8th to 
the total exposure while its risk contribution is approximately 1/4th of the total risk. 
 
Figure 6.2.3 Risk and exposure contributions relative to respective total 
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This concept or risk can be further used in decision making. In the example portfolio, the credit 
portfolio manager decides that they wouldn’t like to have more than 25% of the risk of the total 
portfolio in one segment. Hence, as observed in Figure 6.2.4 on next page, segment VIII has 
32.65% portfolio risk concentration, which is above the limit of 25%. While all other segments lie 
below this level and are hence placed well. The manager needs to diversify this segment of the 
portfolio in such a way that this risk concentration falls below the level of 25%.  
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Figure 6.2.4 Risk contribution relative to total risk 
 
 
 
The risk distribution can also be evaluated on the basis of absolute marginal risk contributions. 
Limits can also be placed on such risk contributions. Say, there is a limit on the absolute marginal 
risks at 5. Then, as shown in the figure 6.3.5, segment 8 has absolute risk higher than the limit 
level. However, this depends upon the size of the portfolio as generally the limit level should 
increase with the size of the portfolio 
 
Figure 6.2.5 Absolute risk contributions 
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6.3 A multi-pronged approach 
 
A very interesting approach is suggested by the model in the risk analysis of the portfolio. Using a 
three dimensional diagram, it is possible to evaluate various factors enabling better decision 
making. 
 
Referring to Figure 6, the exposure amount is measured on the y axis, the risk per contribution on 
the x axis and the size of the bubble representing the risk contribution which was calculated for 
Figure 4 earlier. Hence we can evaluate the portfolio in following terms; 
1) According to the unsecured exposure amount with the upper limit of 25 on it.  
2) According to the risk per unit of exposure, with the upper limit of say 18%. 
3) According to risk contribution which is observed by the size of the bubble 
4) Using all the above: this can be done by dividing the whole diagram into four quadrants. 
The left part of the diagram represents low risk area and the right part high risk area. 
Similarly, the upper part represents segments with greater exposure amounts and hence 
high impact while the lower part represents low impact.  
 
Figure 6.3. Risk exposure + Contribution to total risk 
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These four quadrants are compared to the traffic lights the lower left quadrant called “Low impact 
low risk” being the green light as it does not pose any threat. All segments lying in this area have 
small exposures with low risk levels. The limits and credit value can be increased in these 
segments. In the example portfolio, segments I, II, III and IV lie in this quadrant. 
 
The upper left and the lower right quadrants are called “High impact low risk” and “Low impact 
high risk” respectively. They are analogous to the yellow light as they don’t need urgent attention 
but they should be given considerable thought. This is particularly true of segments that have 
high risk concentration. In the diagram, it can be observed that segment V and major portion of 
segments IV, VI and IX lie in these quadrants. However, its far more important to control segment 
V as it has high risk concentration of 15.84%.  
Risk concentrations here are useful as a signalling device as they help identify problem segments 
which might prove expensive for the firm. The risk can be reduced by reducing exposure amount 
in these segments, hedging the risk through credit instruments or should be converted to secured 
exposure through securities or guarantees against the exposure. 
 
The upper right hand quadrant, called “High impact high risk”, is the quadrant that needs 
immediate action. Hence this symbolises the red light. The same measures of reducing 
exposure, using credit instruments and securities, which were mentioned for the yellow light 
category. However the red light quadrant is much more riskier and volatile.  
 
 
6.4 Summing up 
 
Using the above technique, the risk aspect of the portfolio is well understood. The management 
can derive the implications laid by this model to take further steps. The next step would be the 
regulatory capital required as per Basel II. If the company had used the tools of loan trading, 
credit derivatives or securitization, they can optimize the risk return  profile of the firm. 
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Chapter 7 Interpretations and results 
 
This chapter is further comprising of sub-chapters on limitations of the study, observations, future 
scenario and suggestions with conclusion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mamta Sawhney                                                                                  Credit Portfolio Management 
                                                                                                              In Financial Institutions 
Pg no: 90 of 112 pages 
Chapter 7.1 Limitations 
 
This project covered a wide range of issues relating to CPM. However, it is seldom that a project 
is free of any limitations. They provide us clues to improve our further investigations. This study in 
particular had following limitations: 
 
 
1. Lack of literature: As the concept of credit portfolio management emerged in past few 
years, not much of literature is available on it. Although considerable research has been 
done on credit risk management which aids in understanding the portfolio approach to 
credit risk, it is just not sufficient. 
 
2. Lack of experience: As the author doesn’t have practical work experience in core 
finance stream, it was difficult to grasp the topic. It took the author much more time and 
efforts to understand such concepts. Had she had direct experience, it would have been 
a different ball game altogether. However, choosing a practically relevant topic would 
definitely aid the author in future work scenario. The first step has to be taken before the 
further steps. 
 
3. Wide scope of topic: The umbrella term of credit portfolio management has varied sub 
topics under it such as credit scoring, credit derivatives, Basel etc. each if this topic is 
worth a research in itself. It thus became difficult to cover all these sub topics in full detail.  
 
4. Time Limitation: A three month period doesn’t give a lot of scope for research and 
experimentation. However, a lot has been learnt by the author in this short span. And the 
outcome is a comprehensive coverage of credit portfolio management in the time and 
length allowed.  
 
5. Data limitation: The paper initially aimed at surveying the credit portfolio management 
practices with the impact of Basel regulations and new tools of credit portfolio 
management. However, despite of confirmations, banks didn’t provide the data required 
as it is confidential by nature. Dr. Peter Oliver suggested right in the beginning that banks 
wouldn’t share such information but the author wanted to give it a try. But there are 
lessons to be learnt even in the failures 
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Chapter 7.2 Observations  
 
This project was an experience in itself where the author got to learn tremendously. Various 
loopholes in the current scenario of CPM were which are explained below 
 
 
• Complicated even for experienced: CPM involves very complicated calculations not 
only for an amateur but for experienced professionals. This mathematically oriented 
approach creates stumbling blocks in understanding the procedure. However, this is true 
for most of the financial concepts. 
 
• Lack of consistency: There are number of techniques for Credit Portfolio Management. 
For example, the probability of default can be calculated using various assumptions and 
the capital required would vary subsequently. Similarly calculation of VaR can vary 
depending upon the techniques. For e.g., in case of a private firm we can estimate 
default probability thorough Zeta Credit Scores models using Discriminant Analysis, 
Moody’s RiskCalc for private firm using Probit Model or Fitch Risk Management’s Credit 
Rating System using Multivariate Statistical Model. Hence if three private firms (assume 
all firms have same risk-assets’ combination) use these three approaches, each choosing 
a different approach then other, then obviously capital requirements would be different for 
all of them. This shows lack of consistency 
 
• Difficult to understand: It is difficult to understand the concept of CPM on the whole 
without understanding part of it. However, these parts are correlated amongst 
themselves. The vicious cycle of these interrelationships makes it even more 
complicated. For example, it is important to understand the concept of economic capital 
to understand the procedure of CPM. Now, economic capital is dependent on expected 
and unexpected losses. To grasp these concepts of losses, it is important to understand 
the default probabilities which are dependent on the procedure of CPM. The whole 
concept, thus, becomes arduous.  
 
• Models easily available but problem in implementation: Various hurdles and lack of 
preparation on the part of organisations prevents proper utilisation of it. 
 
• Basel “evolutionary” : The changing face of credit risk and the innovative and complex 
tools of CPM make Basel evolutionary in the sense that a lot needs to be done and that 
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too continuously. As the rules will change, so will the models of CPM. Hence  process is 
not yet over  
 
• Data Limitations: Calculations of parameters such as probability of default or loss given 
default are based on historical data. This pose limitation on the use of CPM models as 
the data might not be available especially in case of SME’s 
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Chapter 7.3 Future scenario 
   
As the CPM concept is still in its evolutionary stages, a number of developments are expected in 
the future such as: 
 
• More and more CPM solutions can be expected in the future as the vendors improvise 
and develop innovative and more comprehensive procedures. At the same time demand 
for such solutions, courtesy Basel II accord will proliferate. More and more financial 
institutions would aim at controlling credit risk and increasing returns at the same time. 
The CPM solutions are expected to be customized as per the firm’s requirements. 
 
• As it has already been discussed in observations, very few integrated solutions are used 
for CPM, at present. As the practice is still in evolutionary phase a variety of tools and 
data sources are used. But a more integrated approach and analytically capable products 
are expected to be developed over the next two years with the best practices being better 
defined then (Becker Stephen and Williams Deborah, 2004). 
 
• Data would still pose a hindrance, at least in the short term. This would gradually reduce 
with time. 
 
• The level of competition in CPM solutions would aggravate. At the same time, demand 
for professionals with expertise in Credit Risk is likely to increase greatly. 
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Chapter 7.4 Suggestions and conclusion 
 
 The suggestions can be given from three perspectives; for the Basel Committee, for the CPM 
procedure and for the top management. 
7.4.1. Suggestions for Basel Accord 
 
The Basel accord identifies the parameters of credit risk viz. exposure, probability of default, loss 
given default, and maturity. However, it doesn’t fully identify the correlation amongst these drivers 
as it makes the following assumptions (Mohan Bhatia, 2005): 
• Correlation risk = f (PD) 
• Maturity risk = f (PD) 
• LGD = constant 
It therefore becomes necessary to make some changes which can be shown in the form of a 
table 
 
Table7.4.1 Existing and Appropriate Basel Measures 
Source: Mohan Bhatia(2005), 
 
The existing function Actual function - how 
measurement should develop. 
PD 
 
Idiosyncratic - larger weights. 
Macroeconomic - smaller weight. 
Optimum weights (this will require 
advancement in credit portfolio 
management). 
LGD Constant linked to collateralization ratio 
or LGD grades. 
 
EAD, collateral, collateral seniority 
(these are some of the attributes of 
idiosyncratic risk) and 
macroeconomic factors. 
Maturity Two steps: 
Effective maturity (duration for some 
exposures is assumed to be constant 
for its impact on capital requirements). 
Capital estimates are linked to PD 
Duration, credit spread curve, mark 
to market, VaR. 
 
Correlation PD Macroeconomic factors, idiosyncratic 
factors. 
Credit Loss Ex ante-loss Ex-post losses  
Credit 
Migration 
Exposure and PD to the extent there is 
not maturity mismatch 
Available mitigants reduce EAD and 
LGD (expected and volatility).  
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7.4.2 Suggestions for CPM procedures 
 
As the concept of CPM widens its reach and scope, newer and complicated tools of CPM are 
getting developed. The banks need to employ these tools and techniques not only to manage 
their risks but to build a competitive advantage.  
A suggestive action plan for CPM would be as follow:  
• Determining risk tolerance for the organization on the whole. 
• Defining the model portfolio: As to how would the portfolio be defined using 
parameters and what parameters are required 
• Loan policy/procedures: The credit policy needs to be defined properly. This would 
cover defining limits on concentration and exposure on any individual sub-segment of the 
portfolio 
• Efficient frontier: The concept of efficient frontier or MPT be put into use through 
evaluation of risk-return profiles of segments within the portfolio based on estimations of 
risk-adjusted return on capital (RAROC);  
• Approval process: A proper structure of loan approval mechanism should be put into 
place 
• Asset quality rating framework to be provided for. 
• Risk-based pricing:  Retail and securitization structures should be priced through 
utilization of risk adjusted pricing methodologies for retail and securitization structures. 
That means it would consider the risk associated with an individual transaction as well as 
the risk capital it adds or sets free. (Michelle Katics, 2003) 
• Quantifying portfolio risk: It can be done through measures such as VaR. 
• Comprehensive portfolio monitoring/reporting: The portfolio once evaluated doesn’t 
free the organization from its tasks. As the market changes, the key attribute of portfolio 
in question might change. Hence CPM is a continuous process 
• Active portfolio management to achieve the model portfolio: The organizations need to 
be proactive in their approach. For example, they should actively look for diversification in 
economic sectors and geographies, or constantly monitor credit quality of their 
counterparts and define both early warnings and appropriate actions 
• Optimization of economic capital allocation by business unit or portfolio segment: CPM 
is the need of the hour not just for reduction in risk but in optimizing the economic capital. 
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7.4.3 Suggestions for Top Management  
 
There are several key strategic issued to be considered by the top management: 
 
• Organization culture: Awareness for credit risk management should be promoted 
throughout the organization. Also there should be openness to change as CPM is still in 
its evolutionary stages 
• Credit risk preparedness: It should be made sure of that there is clarity of what is to be 
done and how. Standards of CPM should be duly set. It should be seen that the whole 
organization is prepared for such process implementation.  
• Proper Functional Alignment i.e. Market Risk and Credit Risk 
• Data Integrity: A complete credit portfolio management system should be implemented 
and not parts of it.  
• Adequate Access to Senior Management: The system should be such that the Senior 
Management is fully aware of progress of the CPM process. 
• Integration and Transparency with Commercial Personnel: A proper CPM group 
should be held in charge of the CPM system. Within the group, the tasks and 
responsibility of various designations should be defined clearly.  Open communication 
should be encouraged throughout the system 
 
7.4.4 Ending Note 
 
In all it can be said that what is needed is creating a Credit Culture. In the Enron case, and many 
others , although tools like Altman’s ZScore and KMV Merton Model (EDF) were available, losses 
were still incurred by even the most sophisticated investors and financial institutions (Edward I. 
Altman May 2002). Having the models is simply not enough! What is needed is a “credit-culture” 
within these financial institutions, whereby credit risk tools are “listened-to” and evaluated in good 
times as well as in difficult situations. “Credit culture” refers to an implicit understanding among 
bank personnel that certain standards of underwriting and loan management must be maintained 
(http://www.ficci.com/ficci/media-room/speeches-presentations/2003/sep/session3-
ravishankar.ppt).   
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Appendix I Questionnaire  
adapted from  
2002 Survey Of Credit Portfolio Management Practices by Rutter Associates 
 
The information collected through this questionnaire will be used only for academic purposes. 
Please exit the design mode by clicking the triangular button the small box that appears (if it 
appears) on the screen when you open the document. 
 
Name of the Organization: 
 
Person Contacted: 
 
Location:  
 
Date: 
 
 
Describe the characteristics of the portfolio or portfolios to which the answers to this survey will 
apply.  Please check the boxes, by putting an “x”, which most closely describes your portfolio 
(thinking about the dollar/pound/rupee value of the portfolio, rather than the number of positions).  
 
1. Composition of credit portfolio   
 
Major being >= 50% 
Significant being <50, >=25% 
Minor being <10 
 
 
 
All or a significant 
portion of exposures 
are of this type 
A moderate portion      
of exposures are of 
this type 
None or a minor portion 
of exposures are of this 
type 
Large Corporates 
   
Middle-Market Corporates 
   
Bank Credits 
   
Other Financial Institutions 
   
Retail Customers 
   
Other – Please specify 
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2 Composition of credit portfolio by SOURCE OF THE CREDIT EXPOSURES 
 
 
Percent of the Portfolio 
  
50% or More Less than 50% More than 25% 
Less than 25% 
More than 10% 
Less than 10% 
More than 5% 5% or Less 
Bilateral Bank Loans 
     
Syndicated Bank Loans (Pro 
Rata or Institutional Tranches) 
     
Bonds 
     
Undrawn Lines (Committed 
Revolvers, CP Backup Facilities 
or Uncommitted Lines) 
     
Credit Protection Sold via Credit 
Derivatives 
     
Counterparty Credit Risk 
     
Equity (including Preferred 
Shares)      
Structured Products - Senior or 
Subordinated CDO Secs 
     
Structured Products - CDO Equity 
     
 
 
3 Does your system contain rating grades? 
 
 Yes 
 No 
 
If yes, then how many rating grades does your system contain? 
 
 
4. Do you employ facility ratings that are separate from the obligor rating? 
 
 Yes- we employ separate ratings 
 No-one single rating reflects both obligor and obligation 
 
 
5. Indicate the functional responsibility for assigning and reviewing the ratings. 
 
Large Corporates Middle-Market 
Corporates 
Banks Other 
Financial 
Non-defaulted entities 
    
Defaulted entities 
    
Assigns Ratings Reviews Rating Both Nothing 
 
    
"Line" (unit with marketing/ 
 customer relationship  
responsibilities) 
    
Dedicated "credit" group other          than 
Credit Portfolio Management 
    Credit Portfolio Management 
    
Institution's Risk Management  
Group 
    Internal Audit  
    
Other (e.g. Loan Review, Q/A,  
credit analysis unit, Loan Review  
Group, Credit Risk Review,  
Risk Review) 
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6. How would you characterize the "style" of the management of your loan portfolio? 
 
 Defensive: Risk Management 
 Offensive - Maximize return for a given level of risk 
 Hybrid 
 
 
7. On what basis does your institution set hurdle rates for new transactions? 
 
 Earnings from lending activities only 
 Combined earnings from lending and non-lending activities with a customer 
 
 
Separate hurdle rates for earnings from lending activities and for combined earnings from lending and non-lending 
activities 
 
 
8. What happens in internal discussions if a transaction is proposed that has a return from lending 
activities only that is below the hurdle rate? 
 
 Always rejected 
 Business sponsor (e.g., relationship management or investment banking) decides 
 The business sponsor pays the portfolio manager directly 
 The business sponsor creates an internal IOU 
 
 
9. Please rank the following tools in order of their importance to the management of your credit 
portfolio.  
(Use "1" to denote the most important and "4" to denote the least important.) 
 
                                                                     Most Imp                                                               Least Imp   
Importance Scale                     1                    2                        3                         4 
  
(a) Approval/disapproval of new business                    
and renewals/nonrenewal of existing business 
 
(b) Loan sales and trading                                      
 
(c) Credit derivatives                                                  
 
(d) Securitizations                                                    
If you do not use credit derivatives, go to question 11. 
 
(using "1" to denote the most important and "3" for the least important) 
 
 
 
 
 
 
 
 
 
10. Rank the credit derivative structures with respect to their importance to credit 
portfolio management  
Importance Scale  
  
 Total return swaps 
 Credit default swaps 
 Credit linked notes 
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11. In order to transfer loans from the institution, has your institution issued a CLO - either cash 
or synthetic? 
 No 
 Yes- Cash CLO 
 Yes- Synthetic CLO 
 Yes- Both Cash and Synthetic CLO 
 
 
If your institution has not issued a CLO, go to question 14 
 
12 If your institution has issued a CLO, rank these motivations by order of importance. 
 (Use "1" to denote the most important and "3" to denote the least important.) 
 
 Regulatory Capital 
 Economic Capital 
 Exposure management (freeing lines) 
 
13. Has your institution used a CLO structure as a way of transferring loan exposures into the 
institution? That is, have you purchased the equity or subordinated tranches of someone else's 
CLO or have you set up CLO structure using assets from other orginators as a way of importing 
credit risk into your portfolio? 
 
 No 
 Yes- Cash CLO 
 Yes- Synthetic CLO 
 Yes- Both Cash and Synthetic CLO 
 
 
14. Which of the following statements is true for your institution? 
 
 
Institution has a formal Credit Portfolio Management function and the portfolio of credit 
 assets is "owned" by Credit Portfolio Management exclusively 
 
Institution has a formal Credit Portfolio Management function and the portfolio of credit  
assets is "owned" by Line Units exclusively 
 
Institution has a formal Credit Portfolio Management function and the portfolio of credit  
assets is "owned" by Line Units/Credit Portfolio Management exclusively 
 
Institution does not have a formal Credit Portfolio Management function 
 
 
15. Do you explicitly evaluate the performance of your portfolio(s) of credit assets? 
 Yes 
 No 
If yes, 
 Return on Regulatory Capital  
 RAROC (Risk Adjusted Return on Economic Capital  
 NIACC (Net Income After Capital Charge) 
 Sharpe Ratio (or Information Ratio)  
 EVA (Economic Value Added) 
 
Other (e.g. Net Income After Provisions. Plan to incorporate reg/economic capital into performance measures,  
RAROA, subsections of portfolio analysed on RAROC)" 
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16. Do you use a credit portfolio model? 
 
 
 
 
 
 
 
 
 
17. For each of the following S&P/Moody's grades and borrower types, please provide (in basis 
points) the typical first-year Probability of Default that your institution would use in the portfolio 
model. 
 
Mean AAA/Aaa AA/Aa A/A BBB/Baa BB/Ba B/B 
Large Corp       
Mid-Mkt Corp       
Bank       
Other Financial       
Guaranteed 
Exposures 
      
 
 
     Yes 
  No 
If yes,  
 Credit Metrics (RMG's Credit Manager) 
 CSFB's CreditRisk+ 
 KMV's Portfolio Manager 
 MacroFactorModel (either developed internally or by a vendor) 
 McKinsey's CreditPortfolioView  
 Internally-developed model (other than a macro factor model) 
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Appendix II Binomial Theorem Results 
 
Some useful results form the standard binomial distribution and slight modifications of it are 
developed here. 
 
A 1.1 Standard binomial distribution 
Consider a simple random variable, D, that can only one of two values, 0 or 1, and 
suppose that it takes 1 with probability q and 0 with probability 1-q. The mean and 
variance of this are easily calculated: 
 
  
Now consider a new random variable B that is the sum of n independent identically distributed 
variables of the above type. So: 
 
 
It follows easily that: 
 
Finding the expectation of B2 is slightly harder: 
 
 
The terms in the last sum must be calculated. This is easy since: 
 
 
 
So now: 
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and 
  
 
This could have been derived directly by simply noting that the variance of the sum of 
independent variables is the sum of their variances. 
 
A 1.2 Weighted sum of identical independent binomial variables 
This time consider the random variable: 
 
The expectation is simply: 
 
 
 
The variance is the sum of the variances: 
 
 
 
or starting out from first principles: 
 
 
and so: 
 
as before. 
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A 1.3 Weighted sum of non-identical independent binomial variables 
Now consider the collection of binomial variables defined by. 
 
  
This time each binomial variable can have a different probability associated with it. 
 
For a collection of coefficients  for all k create the new random 
variable B given by: 
 
 
The expected value is easily found to be: 
 
 
 
Using the same results as before Var so that the variance is given by: 
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The expectations in the second summation are all zero as these are the covariances and the 
variables are independent. However, this is easily shown algebraically: 
 
 
 
So finally it follows that: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
